Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



IRON AND STEEL BRIDGES 
AND VIADUCTS 



Iron & Steel Bridges 



AND 



Viaducts 



»* 



A PRACTICAL TREATISE UPON THEIR CONSTRUCTION 

FOB THE USB OF 

ENGINEERS, DRAUGHTSMEN, AND STUDENTS 



i 



BY 



FKANCIS CAMPIN, C.E. 

PA8T PRESIDENT OF THK CIVIL AND MECHANICAL ENGINEERS' SOCIETY 

AUTHOR OF "MATERIALS AND CONSTRUCTION," " MECHANICAL ENGINEERING" 

" CONSTRUCTION A I. IRON AND ST BEL WORK," ETC ETC. 



SSith girxmtrou* Illtt«iratum« 




r» »*i" *" • 



LONDON 

OEOSBY LOCKWOOD AND SON 

7, 8TATIONER8' HALL COURT, LUDGATE HILL 

1898 

[Ail rights re*erved~\ 

i \ 



4 







r • • 



• • • 
« # 

* • • • ' 



• * • • 



:*.: 



•• • • « » 

• • • • 

• • • • • 






*• • • 

» « • • • ■ 

• • •• 



PREFACE. 



In this work my endeavour has been to show, first, the 
physical properties of different forms of iron and steel, 
and the mathematical and mechanical principles upon 
which the Construction of Iron and Steel Bridges is based ; 
to deduce formulae from the theoretical investigations of 
the relations of stress to resistance, suitable for every-day 
use in designing bridges; and to illustrate by example 
the application of these formulae in practice. 

So far as it may be done by description, I have tried to 
take my readers through the drawing office routine in 
a Bridge Engineer's establishment, and thus show the 
ultimate bearing of the theoretical reasoning upon the 
practical designing of the work. 

The arrangement of such details as joints and con- 
nections has also received very careful consideration, for 
it is in determining these that the draughtsman is often 
confronted with awkward problems, especially in light 
work where there is not much room for joint attachments. 

The construction of bridge flooring is dealt with very 
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fully, as also the provision to be made in bearings for 
expansion and contraction, and for deflection of girders. 

The latter part of the volume is devoted to examples of 
different types of Iron and Steel Bridges, including all 
those forms in general use and of acknowledged utility. 

In a concluding Chapter particulars are given of Brick, 
Concrete, and Masonry Piers and Abutments to carry iron 
and steel superstructures. 

FRANCIS CAMPIN. 

London, 1898. 
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IRON AND STEEL BRIDGES 
AND VIADUCTS. 



INTRODUCTION. 

Although a history of bridge-building, interesting and 
instructive as it is, would be out of place in these pages, 
it is desirable to glance lightly at the evolution of modern 
typical bridges from the cruder structures of earlier times. 

There are two principal attributes which command 
admiration — one, excellence of design, and the other mag- 
nificence of extent ; the occurrence of the latter will depend 
upon local requirements, and that of the former be con- 
trolled by commercial considerations and the ability of the 
designer. 

At the dawn of bridge construction the materials avail- 
able were few, and the forces to which they were subject 
very imperfectly understood. Strong vegetable fibres 
supplied the ropes for the rough suspension bridges of 
South America; long pieces of timber served for the 
support of straight bridges ; and stone supplied the material 
for lintel bridges and those carried on arches, for the latter 
of which bricks were also available. 

B 
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The properties of each material would naturally decide 
the class of work to which it was applicable. The tensile 
strength of the ropea and the facility with which they could 
be drawn across chasms at once suggest their value for sus- 
pension bridges ; two or three ropes with a grooved block 
resting upon them, so that it can be dragged back and forth 
from side to side by lighter ropes, and having a basket sus- 
pended from it for the reception of passengers and produce, 
would meet the requirements of a primitive community in 
a country where the distances to be bridged are frequently 
considerable. For shorter openings the straight girder 
bridge, with a rigid platform built on it, would afford better 
accommodation for heavy traffic, and also allow the passage 
of cattle and wagons. 

Some large bridges in which the carrying members are 
stone lintels exist in China, but wood is far more suitable 
for girder-shaped structures, because the resistance of the 
latter to transverse stress can bo calculated, and the quantity 
of material suited to the duties incumbent upon it, but stone 
— being practically inelastic — does not come within the 
scope of formulae for transverse strength, so that in fact 
stone lintel construction is but guesswork. We find by 
experience that a certain piece of stone laid across an open- 
ing will carry the load which passes over, or rests upon it, 
but we do not know what excess of material is used, nor 
does this instance enable lis to determine the sizes of lintels 
for larger openings or for different intensities of load. 

The resistance of stone to crushing can, however, be 
ascertained by experiment, and therefore for arches and 
other structures where the stresses are compressive only 
this material may be scientifically adjusted in quantity and 
form to tho requirements of the work. 

The great durability of stone and brick gtve3 ties 
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materials a marked advantage over wood for permanent 
works, but with the advent of iron for bridge construction 
a. saving in cost was anticipated, as this material could be 
made lighter than the stone, and tho expense of carriage 
and labour reduced. The first transition we notice is from 
stone to cast iron — abridge in that material being built at 
Colebrook Dale in 1779, and another at Sunderland 
1796. 

Masonry arches had always been designed with a view to 
stabihty as distinct from strength } the cros3-sectional area 
always presents ample surface to provide against the 
intensity of the thrust, if the arch is thick enough to keep 
the line of thrust properly within its substanco ; if this is 
not done, the voussoirs of the arch will turn over on their 
edges, unleSB the cementing material is adhesive enough to 
resist the disturbance. Following this principle, the cast- 
iron arch was first made with voussoirs of such outside 
dimensions as might have been used with stone, but they 
were ready skeleton voussoirs, and thereby lightness was 
seemed, while sufficient sectional area was retained to resist 
tbo thrust. 

An improvement on this form of construction appeared in 
1819, in Southwark Bridge, in which much flatter arches of 
I aection were used, and this form has been generally 
adopted since for both iron and steel bridges. 

In 1825 the Menai Suspension Bridge was completed, 
consisting of a roadway carried by vertical rods hung on to 
chains formed of long links of round iron bars, with eyes at 
each end, the iron in this case being wrought, not cast; and 
a similar construction was adopted for the Brighton Chain 
Pier, recently pulled down. The round irou links were in 
later structures superseded by Sat bars rolled with wide 
cuds to form the eyes, and tlio next step "woa "Oka Ns&kiAxik^ 
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tion of steel wire ropes, which have given very satisfactory 
results. These have been made twisted as in ordinary hemp 
ropes, and also with the wires laid parallel and kept together 
by rings at frequent intervals, whereby the stress on the 
wires is reduced if the connection is such that they are all 
equally loaded. Wo cannot, however, be sure of this con- 
dition, whereas it must obtain with the twistod rope, which 
is one point in its favour. 

Wooden girders, beams, and trusses also gave place to 
cast-iron girders, and many elaborate experiments were 
conducted in order to ascertain practically the strength, 
deflection, and mode of rupture of such girder, and also 
the best proportions of cross-section to adopt, and cast iron 
also came into use far columns and stanchions. 

Cast iron is especially adapted to resist compressive 
stress, its ultimate resistance to crashing being from 36 to 
42 tons per sectional square inch, while its tensile strength 
is only from 5 to 7 tons for ordinary cast iron ; it has 
reached 10 tons or more in special brands for the manu- 
facture of ordnance, but that does not apply to girder 
work. 

Tho tensile weakness of cast iron naturally turned the 
attention of engineers towards wrought iron, but at that 
time cost of production was hj«h ; but yet for large spans 
it was obviously imprudent to trust to cast iron, and prcn- 
cipally because cast iron breaks wi th ™ r V littl0 warnins; !t 
will not bond, and wrought i &** U «*Pt hd ° r *** 
without actually giving l v ° D l£ >thcr ob]'^™ 10 lon S \ 
cast-iron girders was that ?', ^vrfttw* ^^T?" \ 
tion of rivetting, they Z* 1 S r , A togetU* ** ™J * 
2J t-ned to fit Jjj£ b /^ A *$££ ' 
expense labour. WnQ *>W /^uW^?L- 
projoeted-to carry a ^ B^/ ' *» Meft ^ 
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cast iron was first thought of as the material, the original 
crude idea being to place two gigantic cast-iron flanged 
girders side by side to form a tube, through which the 
trains would pass, over a permanent way laid on the bottom 
flanges. This bridge comprises four spans, of which two 
are 460 feet each, and it was very properly decided that 
wrought iron should be the material used in its construc- 
tion ; so the bridge assumed the form of two rectangular 
tubes side by side, built up of wrought-iron plates rivetted 
together and stiffened by tee and angle irons rivetted on to 
the side webs ; the roof and floor constitute the flanges, 
and are cellular in form. This work may be regarded as 
that which proved the applicability and value of wrought 
iron for large bridges ; and although, compared with modern 
structures, it is excessively heavy, yet at the time of its 
erection (1850) it was a masterpiece. This proving a 
success, another bridge on the same principle (but with 
cellular top flange only) was constructed over the St. Law- 
rence at Montreal nine years later. 

The tubular form, however, was found to be unnecessarily 
heavy, and the form generally adopted became that com- 
prising two or more longitudinal girders— girders support- 
ing a roadway between them, or carried upon their top 
flanges. The main girders of the bridges were and are 
made with plate webs up to moderate spans ; but for long 
spans — trussed, lattice, or triangular^open webs have come 
into general use. With the general adoption of wrought 
iron for straight girder bridges came also its application to 
arch bridges, although its compressive resistance is not equal 
to that of cast iron. 

Certainly, wrought iron is better qualified than cast to 
resist the violent vibrations and sudden jerks to which 
railway bridges are subject, and this may \& * ^qScl^q^ 
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reason for its adoption even for arches, when the latter are 
used for such structures; but it certainly seems to me that, 
with the increasing use of wrought iron, cast iron has 
become unduly discredited. 

Although the tubular section of bridge was not adopted 
in general practice, yet for some years the box or tubular 
form of the top flange was in evidence, the idea being to 
Btiffen it against lateral or vertical crippling, but except for 
long spans this has quite given place to plain plate flanges; 
in fact, the tendency has been towards simplifying con- 
struction in all directions. 

Tho introduction of rolled stce! as a material for bridge 
construction in place of wrought iron does not seem so 
wide a step as that from cast to wrought iron ; but when 
this was first attempted there was mueh doubt as to the 
reliability of steel then put on the market. Some samples 
of mild steel would crack without any apparent reason, and 
while such a thing could occur no confidence could be placed 
in the material. 

The structural, or molecular, difference between iron and 
steel is this — the former i3 an element, consists, that is, of 
one kind of matter only, and the latter is a compound of 
iron and carbon ; the former is fibrous, and the latter 
without grain. 

The cracking referred to must he caused by a want of 
homogeneity in the metal, and this may easily occur in some 
processes of manufacture, but this defect being obviated, the 
material can be employed with as much confidence as 
wrought iron. 

There are several methods of making steel, which in the 
widest senso may be described as an alloy of iron with 
carbon, manganese, or some other substance which increases 
its strength and gives it the property of hardening when 
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heated to a high temperature and suddenly quenched in 
water or other cooling medium. Tlio method formerly in 
general use- is known as " cementation," and consists in 
placing small bars of wrought hxm in charcoal in boxes, and 
keeping these exposed for long periods to a temperature of 
about 2,14a 1 ! Fahr. — which approaches a. white heat— in 
furnaces of special construction. The bars for conversion 
are either hammered or rolled liars ; the former are pre- 
ferred ; and in size they are about 3 inches in width, | to $ 
inch in thickness, and 6 to 12 feet long. The boxes or pots 
are charged by first covering the bottom with little lumps 
of charcoal to a depth of about i inch, upon which are 
placed bars of iron flat side down, with spaces between for 
charcoal. A second layer of charcoal is spread over these 
bars, and on that comes another layer of bars, and so on 
until the required charge is introduced, the top layer being 
of charcoal. The whole is covered in with a plaster made 
of mud which collects in the troughs of grindstones, which 
consists of siliceous matters and particles of partially 
oxidized steel, a mixture which — under the effects of the 
heat of the converting furnaces— fuses, and forms a pasty 
mass or glazed air-tight covering to the pots. 

The furnace when charged is fired and the temperature 
'gradually raised, till after 24 hours a red-heat is reached, 
and in 48 hours the glowing heat necessary for conversion 
is reached. This is maintained until the desired degree of 
conversion is reached, as determined by the examination of 
trial bars withdrawn from time to time. The process may 
last from seven to nine days. 

When cold the charge is withdrawn and the bars broken 
up and sorted, according to the appearance of the fractures 
the resulting steel contains from 05 per cent, to 15 per 
cent, carbon, according to the duration oS tne \.t.wSjTQ!w&. 
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. ■■: i, lieated and hammeredj 
ufler hammering and rolling are by no means honiogeni 
and the impurities mechanically incorporated can only 
removed by fusion, which is effected in crucibles by a 
cess which was introduced into Sheffield in 1740, and 
remained in use practically unaltered since then, 
ordinary crucibles are from 16 to 18 inches high, 
ti to 7 inches diameter ;it the mouth; they are made 
mixtures « •■ t~ fire-clays with potsherds, coke dust and 
phi to, and arc eovered by lids during the fusion of the 
when the fusion is complete the steel is poured into "ii 
moulds," and has now become " oast steel." The ingots 
subsequently worked under the hammer and in the rolls 
the required forms. 

This method of producing steel involves a great deal 
labour and the consumption of large quantities of fuel, 
bringing the price too high for a bridge material, 
furthor such high percentages of carbon are not required 
the "mild steel" used for girders; the process, howevi 
very clearly shows the change that is required to com 
wrought iron to steel. 

In another process crucible steel is produced by the dii 
fusion of bar iron with charcoal and spicgeleisen, which last 
is a highly mnngnniferous pig-iron. For the low grade' 
steels required for constructional purposes no charcoal is 
necessary, sufficient curburi station being obtained by the 
small addition of spicgeleisen made toward the end of the 
melting, with the small proportion of carbon absorbed from 
the plumbago pots in which the metal is melted ; these pots 
are made with only enough clay to give the necessary 
strength to bear the pressure of the molten metal and the 
manipulation to which they are subjected. 

Steel may be also obtained by fusing pig-iron with rich 
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ores, or oxides of iron, and the most important is the open- 
hearth direct process. The Uchatius and Ellerhausen pro- 
cesses have been discontinued in England on account chiefly 
of the inequality of the material produced, and the Siemens- 
Martin method is now in general use. 

In this last process wrought iron or scrap steel is melted 
in a bath of molten pig-iron on the hearth of a regenerative 
gas furnace. The furnace, being already heated from the 
working off of a previous charge, has the bottom levelled 
and repaired, and then the charge is introduced, first putting 
on the hearth from 15 to 20 per cent, of pig-iron, to which 
is added about 66 per cent, of clean scrap steel and about 
15 per cent, of old rails. These proportions will vary with 
the nature of the materials obtainable at the time and 
according to the conditions of the furnace. 

After complete fusion has occurred samples of the metal 
are withdrawn from the furnace in a small ladle, and 
hammered and broken to test their malleability and rough- 
ness, and to examine the fracture and make a rapid chemical 
analysis to determine the amount of carbon present in the 
metal. When the tests indicate that a sufficiently low 
temper has been reached by the metal, then about 1 per 
cent, of spiegel, containing 8 to 15 per cent, of manganese, 
and about 3 per cent, of a ferro-manganese containing from 
60 to 80 per cent, of manganese, is added through the side 
doors of the furnace. A few minutes serve to melt this, 
during which time the metal is thoroughly stirred to mix it, 
and it is then tapped as quickly as possible to prevent 
serious loss of the manganese in the slag. 

In the Siemens open-hearth process pig-iron, scrap steel, 
and the purer haematite iron ores are fused together. The 
pig-iron is first decarburized by the haematite ore, and sub- 
sequently rewburized to the re^uir^d debtee fof adding 
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epiegel or ferro-mangancse, as in the method previously 
described. 

The Bessemer process is peculiarly simple and elegant. 
Pig-iron in a melted condition is run into a converter, which 
is a nearly cylindrical vessel with a short open neck at the 
top; into the bottom of the converter is forced a blast 
of air, which passes through the cliarge, decarburizing and 
refining it by oxidation and combustion of its carbon, 
silicon, and manganese, with development of sufficient heat 
to keep the metal in a fluid condition to the end of the 
process ; the metal so decarburized is then recarburized to 
the required degree by the addition of the proper percent- 
age of spiegeleisen or ferro-manganese. 

The converter is u»ually mounted on trunnions, so that it 
can be partially rotated by suitable gearing, and laid in 
position to receive its liquid charge, then righted for the 
blowing process, which lasts about eighteen minutes. After 
this it is again laid back to receive the Spiegel, and sub- 
sequently turned further over to pour its charge into a ladle 
in which it is carried to the ingot-moulds. This material is 
sometimes called " ingot-iron." In the ordinary Bessemer 
process the converter is lined with a siliceous sandstone 
called "ganister," and so the whole of the sulphur and 
phosphorus existing in the pig-iron remains in the steel 
produced ; therefore the purer pig-irons only should be used 
with this lining : this is known as the "acid process." By a 
modification introduced by Messrs, Thomas and Gilchrist 
the converter is lined with dolomitic lining, which is highly 
basic, and therefore eliminates a large proportion of the 
phosphorus and sulphur, and thus allows for the use of 
phosphoric pig-irons ; this is known as the " basic process." 

The Bessemer process shows a remarkable contrast to 
puddling processes in point of time consumed in the produo- 



INTRODUCTION. 11 

tion of steel from pig-iron. Ab much as 2,830 tons of steel 
has been stated to have been produced from a single pair 
of converters, each dealing with a chargo of 8 tons at 

In the basic process some well-burnt lime — about 15 to 
20 per cent, of the weight of the charge — is first introduced 
into the converter with a little coke breeze, and brought up 
to a bright glow by gently blowing through the converter, 
after which the charge of molten pig-iron ia introduced, and 
the blow proceeded with at the higher pressure. The 
pressuro of the blast is about 25 lbs. at the commencement, 
but is sometimes lowered as the process draws to a close : 
this, however, will of course vary with the weight of the 
charge over tho tuyere openings in the bottom of the 
converter. The progress of the operation may bo observed 
by watching the flames through a spectroscope, but with 
English irons this is not often found necessary to the 
practised eye. 

The tensile strength, elasticity, and rigidity of steel vary 
with the temper as affected principally by the proportion of 
carbon present, but also in some degree by silicon, man- 
ganese, tungsten, phosphorus, and other matters : hammer- 
ing, rolling, wire-drawing, and other mechanical treatment 
also increase the tensile resistance and ductility of the 
metal. 

"Mild steel " containing from 0'05 to 0-02 per cent, of 
carbon will weld, but will not temper, and breaks under 
tensile stress varying from 23 to 32 tons per sectional square 
inch, with an elongation before fracture of from 25 to 30 per 
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men, wiin an elongation ueiuro iraciure oi noni hj to ju per 
cent, in a length of 8 inches. 
Steel containing from 0'20 to 0'35 per cent, carbon has 

Ke strength from 30 to 38 tons per square inch, 
elastic limit in ratio to the ultimate atveivjjtb. it sAaal 
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is high. Metal haying a tensile resistance of 24 tons will 
not stretch permanently under a stress less than 13 or 14 
tons. With tensile strength of 28 tons the elastic limit 
will not he under 15 tons, and in hard-drawn wire an elastic 
limit of from 45 to 50 tons is obtainable. 

The advantages in using mild steel over wrought iron 
are a great saving in weight of permanent structure, and 
fewer joints, as steel plates and bars can he rolled in much 
longer lengths than iron, thus saving joint plates. 

Looking forward, aluminium seems to be the ideal metal for 
bridge structures, possessing as it does great tensile strength 
with lightness, and, in a very high degree, resistance to 
corrosion, but its adoption for this purpose awaits further 
commercial developments in connection with production. 



CHAPTER I. 

THE THEORY OF STRESS AND RESISTANCE IN 

GIRDER BRIDGES. 

The constitution of the universe being such that some force 
is always in action, it follows as an axiom that if any 
particle or mass of matter is at rest, there must be at least 
two forces acting upon it, and they must be equal in inten- 
sity and opposite in direction ; for were one greater than 
the other motion would commence, the weaker force being 
overcome, and if they are not opposite, their combined 
action will cause lateral movement. If a number of forces 
act upon a body, and that body is at rest, all the forces 
acting on one side of it must be counterbalanced by those 
acting on the other side. If any of the forces which are 
holding a body in equilibrium are varied, displacement of 
that body will ensue, and a new position of equilibrium 
be established. 

A simple experiment may be made with a letter-weigh- 
ing machine, which consists of a scale-pan attached to a 
vertical stem, sliding in a stand and supported by a spiral 
spring. When there is nothing on the scale pan and it is 
at rest, the two forces in action are gravitative attraction 
on the pan and upward pressure of the spring ; let the pan 
be lifted off the spring, then the latter will be free from 
external weight ; if laid upon its side each coil will press on 
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the supporting surface, and be flattened out of circular form 
by its own weight, and if it is restored to its vertical posi- 
tion it will be shortened in height by its own weight before 
it comes to rest If the scale pan be now placed upon it, 
it will be compressed by the weight of the pan, until it 
presses upwards with an elastic force equal to that weight, 
when motion will cease, because the forces in action are 
equal and opposite, but some movement has occurred before 
this condition is reached. 

If now any weight within the strength of the spring- 
say one ounce — is placed upon it, the spring will be further 
compressed through some definite distance before rest again 
occurs. If twice this weight is placed upon the scale the 
compression will be twice as much, and in short the com- 
pression will, so long as the elasticity of the material remains 
unimpaired, be proportional to the force producing it If 
the pan were hung to a suspended spring, then on placing 
weights in it the spring would be extended, and the exten- 
sion would be proportional to the weight or force producing 
it. This is a most important physical law, and is known as 
Dr. Hooke's law from the first enunciator, who gives it t the 
form of " as is the extension so is the force." I have here 
taken a spiral spring for experiment because it has a long 
range of compression and extension which is readily mea- 
sured, but the same law applies to the direct extension and 
compression of bodies. 

All material bodies are built up of molecules, or groups 
of atoms, which may be similar in character or different, 
but have one common condition, which is that the atoms 
are not in contact with each other, but hold positions de- 
pendent upon the internal and external forces to which any 
particular body may be subject The molecules thus situ- 
ated are balanced, as it were, between their reciprocal 



STRESS AND RESISTANCE IN GIRDER BRIDGES. 15 

attraction of cohesion drawing them together, and some 
force tending to separate them : this latter may be heat. 
Now, an external force may act to compress, or bring the 
moleculos closer together, or to drag them farther apart, 
than they were in their normal condition. So long as the 
alteration of the molecular distances does not exceed the 
range of the normal forces acting upon them in an un- 
strained condition, Hooke's law will apply, but when this 
range is exceeded pennanent displacement of the molecules 
occurs, and the shape or bulk of the body is altered. It is 
then said that the " limit of elasticity " has been exceeded, 
and the material is injured if not absolutely broken. 

Upon the basis of these simple facts rests the whole 
theory of stress and resistance, and a little mathematical 
knowledge enables us to ascertain the relations existing be- 
tween them, and I wish to impress upon the student that 
mathematical investigation in these matters is continuous ; 
it is merely the application of ordinary reasoning, and does 
not consist of abrupt and disconnected formula? and 
methods, labelled with the names of those who have first 
brought them into technical handbooks. This I point out 
because this pigeon-holing of rules is confusing, inasmuch 
as it leads the student to think that each case must have its 
own exclusive theory, instead of recognising the fact that 
logical reasoning flows equably over all the cases and all 
variations which now come under his notice, or which can 
at any future time call for his consideration. 

The stresses to which iron and Bteel bridges aro subject 
are five — tension, compression, transverse stress, shearing 
stress, and torsion ; which may be analysed into the simple 
stress, tension. 

insion is the only stress which can bo regarded as 
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simple, that is, causing only one kind of disturbance in the 
element to which it is applied. The length of a bar does 
not affect its tensile resistance, which varies simply as its 
cross-sectional area ; thus, if a = the cross-sectional area of 
a bar, of which the ultimate tensile resistance is 30 tons 
per square inch, the breaking stress of that bar will be = 30 
tons x a square inches. Failure under tensile stress is due 
to the molecules of the bar being drawn so far apart as to 
fall out of the range of their mutual cohesive attractions. 

Compression is apparently a simple stress, but a little 
consideration will show that failure under a force producing 
it can only occur by the setting up of other forms of stress, 
for the atoms of matter being accepted as indestructible, the 
greatest pressure brought upon a group of them can only 
bring them into actual contact and so form an unyielding 
mass. Fracture under compression, in short blocks, must 
then be due to some lateral displacement of the molecules. In 
Figs. 1 to 4 different modes of failure are shown. While 
considering these illustrations we must keep in mind the 
structure of the block abed, which is under pressure from 
a force, P, and this structure comprises a mass of molecules 
held together by cohesive force interacting amongst them 
in all directions. 

The materials of commerce are never homogeneous, and 
so there will be some planes of section in which the cohe- 
sive forces are weaker than in others, and in these planes 
of least resistance rupture will naturally occur. The form 
of the block is maintained by the resistance of the vertical 
forces to descent of the upper parts, and by the lateral 
cohesion which prevents the sides from falling out. If a 
pressure coming on the block (Fig. 1) tends to push a piece 
off along the plane ef y this movement will be resisted^ ^j 

V 



STRESS AND RESISTANCE IN GIRDER BRIDGES. 17 




Kg. 1. 




P'V'5* 



Fig. 2. 



-CL 



1 



/ 



C\ id C. 




Kg. 3 



Kg. 4. 



Ls 



*L 



J>//J9W&/p9f?S/W/W///9/U//S>/fJWs//* >*/* *Js >>*7sJ ***"r~ws 




Kg. 5. 



Kg. 6. 



18 IRON AND STEEL BRIDGES AND VIADCCTS. 

an upward pull of cohesive force, but ultimately failure 
will occur l>y shearing along the piano ef, if that is lie 
plane of least resistance. In Fig. 2 the condition assumed 
is, that there are two equally weak planes of resistance, tf 
and (//, the matter both inside and outside of these planes 
having a superior cohesion to that obtaining along these 
planes ; then the central part eft), acted upon by the force 
P, will act as a wedge to rend the block asunder, and it 
will probably break into three principal pieces, and several 
fragments from the edges. 

In Fig. 3 a different result is shown ; the block abed a 
assumed to be originally cylindrical, and so nearly uniform 
in constitution as to exhibit no plane of distinguishable 
weakness : then the pressure /', acting equally upon its lop 
surface, will cause it to bulge, anil this being continued until 
the lateral cohesion in the plane (ef) of greatest expansion 
is overcome, it will settle down and split round the edges. 

Another form of settlement is shown in Fig. 4, which 
represents a cubical block, a b c d, which lias commenced to 
yield by the comparative weakness of the parts near, and 
parallel to the side 6 d, and thus led to the progressive slid- 
ing, horizontally, of the layers of molecules until the block 
fell over in the direction shown by the arrow e. 

It is evident that when there are so many different ways 
of failure, and we cannot from theorising determine which 
will occur in any particular case, experiment alone can help 
us, and from these certain data aro derived, from which 
minimum strengths are ascertainable, and in designing 
bridges it is upon minimum strengths that we must base 
our calculations. 

We now come to another case, or rather series of cases, 
in which the elements to be considered are long enough in 
proportion to their diameters to bend before breaking. If 
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bending occurs there must he transverse stress, but this 
stress occurring in a column is not exactly the same in its 
effect as that brought upon a girdor supported at each end, 
and carrying a load distributed upon it horizontally. 
the column were bedded upon a true surface, and tho load 
upon it evenly distributed, aud the column itself absolutely 
homogeneous, it would fail by bulging and splitting radi- 
ally, but as this condition does not obtain, and one part of 
the column offers less resistance than the rest, the column 
will bend, and become concave on the side to which the 
weak spot is nearest, Now, it may happen that, although 
the column is bent, the lino of pressure may not pass out" 
side the horizontal section, and in that case the whole sec- 
tion will be in compression, but tho intensity of the com- 
pression will vary, being a maximum on the concave side of 
the column. 

If, however, the curvature is such that the line of pres- 
sure passes outside the horizontal section, then the col 
side of the column will be in tension, and tho stresses will 
more nearly approach those on a girder carrying a trans- 
verse load, but cannot bo analogous to them on account of 
the different mode of support. 

In Fig. 5, a, b, c, d represents a column sufficiently long 
in proportion to its diameter to bend before breaking, and 
Fig. 6 shows the same column on the point of breaking 
under a vertical load, I'. The mode of fracture will he by 
tearing asunder at e e, aud splitting out one or more wedge- 
shaped pieces at/ft/. The rupture at cc is in tension, that 
at/A/ shearing. 

Transverse Stress. — A B, Fig. 7, represents a hori- 
zontal beam supported on bearings at C and D, and, un- 
strained, as its weight is neglected in this iUu.stva.tvju. 
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Fig. 8 shows the same beam loaded with, and deflected 
by, a weight, W. The ends of the beam, originally parallel, 
are now inclined to each other; the upper surface, ef, is 
shortened, and therefore compressed, and the lower surface, 
gh y is extended ; the top surface being in compression, and 
the bottom in tension, there must be some horizontal 
plane in the beam where there is no tension. This is indi- 
cated by the dotted line, ii; from this plane the stresses 
per sectional square inch will increase, in compression up- 
wards, and in tension downwards, to the surfaces of the 
beam. The varying values and their summation will be 
dealt with further on ; so far, transverse stress is shown as 
resolved into tension and compression. 

Shearing Stress tends to destroy the continuity of a 
body by sliding one part off the rest, as shown in Fig. 9, 
in which A B is part of a bar submitted to the action of the 
shearing edges C and D ; these edges are nearly rectangular, 
and while the part A of the bar is supported upon the 
edge D y the upper shear C forces the part B down, and 
severs the bar through the plane ef. The small circles 
h and i on each side of this plane represent molecules, 
and it will be seen that in the sliding of one layer over 
another it is the cohesive, or tensile, attraction that is 
overcome. 

Shearing force must not be confused with cutting action, 
which is shown in Fig. 10 ; here the bar A B rests upon a 
block D y and is acted upon by a cutting edge C, which 
divides it through the plane ef. This cutting edge is so 
fine that it enters between two layers of molecules and 
wedges them apart, overcoming their tensile cohesion by 
forcing the molecules on either side beyond the sphere of 
action. 
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Torsion is generally treated as a form of shearing stress, 
and under certain conditions this view will be correct. In 
Fig. 11 is shown a cross section of a cylindrical bar, con- 
sisting of molecules, represented by small circles. The 
circles shown in linos represent the position of the molecules 
before torsional stress is applied ; the circles filled in show 
the displacement occurring when torsion is applied, as indi- 
cated in Fig. 12. In this AB is a side elevation of the 
shaft, and upon it are securely fastened two rings, D and 
E F, close together. Now, if these two rings are forcibly 
turned in opposite directions, as shown by the arrows A and 
i, shearing stross comes into action, and the molecules are 
pulled away from each other, so this force is resolved into 
tension. When the opposing forces are at a distance, 
the lines of molecules arc moved into spiral lines, from 
their normal positions parallel to the axis of the bar, 
and thereby extended, and therefore placed under tensile 
stress. 

Having described the character of the various stresses to 
which materials used in bridge construction arc subject, the 
next step is to show how the intensities of such stresses are 
determined, and also the resistances. 

There are two ordinary methods by which stresses are 
determined — the "parallelogram of forces," and the "prin- 
ciple of moments," and one of these can be used to check 
the other. These are both so exceedingly simple that their 
comprehension calls for no knowledge of mathematics beyond 
arithmetic, and yet they are sufficient to deal with every 
case that comes under our notice in connection with the 
subject of this work. 

The parallelogram of forces deals with the resolution of 
two forces, meeting at a given point, into one opposing 
fori"- - ' ' •> shall hold them in equilibrium ; the data re- 
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quired arc tho intensities and directions of tho two forces, 
ami tho direction of the counterbalancing force. 

The principle of moments deals with forces acting about 
a centre and tending to cause revolution about such centre; 
the moment of any force is equal to its intensity multiplied 
by the least distance of its direction from the point or centre 
about which it is acting. If a number of forces are acting 
about one point, summations of those acting in different 
directions will solve the question of equilibrium of the 
whole, and if several forces are acting at a point, the re- 
sultant force can be determined by a series of parallelograms 
of force. 

Lot /' and P (Fig. 13) bu two forces acting at a point it 
and in the directions shown by the arrows; produce the 
direction of the force /' to b, making the length at repre- 
sent, to some convenient scale, the intensity of the force I', 
and produce the direction of the force P to c, making ae, 
equal to its intensity. Complete the parallelogram a hie, 
and join ad; then tho diagonal ad will represent in direc- 
tion and intensity tho resultant of the forces P and P. If 
it is assumed that the forces are expended in motion, we 
may conclude that the force P would cause motion from a 
to h, and P would extend the distance traversed from b to 
d — equal to a to c — or both forces acting simultaneously 
would cause motion along the line a d to tho same ultimate 
point d. 

Let there be a point e (Fig. 11) ahout which two forces, 
P and P, act in the directions shown by the arrows, neither 

rection passing through the point e. Draw the lines ab 
md ed as far aB may be necessary in the directions of the 
wo forces, and from the point e draw perpendiculars ef 
g to these lines, then the lengths of the perpendiculars 
e the shortest distances of the directions of the forces 
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from the point about which they act. The moment of the 
force P will be = P x «/, and that of F -=-F X eg, and if 
these moments are equal the forces will be in equilibrium. 

The method of proving the parallelogram of forces by the 
principle of moments is shown by the diagram, Fig. 15. 
The forces P, F, are 63 tons and 71 tons respectively, and 
are represented by the lines a b and a c to the scale of tons 
k-i. Completing the parallelogram and measuring the 
resultant ad we find its value to be 128*57 tons; if this 
resultant is the true equivalent to the forces P, F, then the 
moments of these two forces about any given point should 
be equal to the moment of the resultant force about the 
same point. Take any convenient point e as a centre of 
moments, and from it draw three perpendiculars, ef, eg, 
and e h, to the directions of the forces under consideration. 
Using the scale as a scale of feet, the lengths of these per- 
pendiculars are found to be e/= 47*5 ; eg = 60 ; and e h 
= 66*5 feet. The moments of the forces P and F are : — 

Moment of force P = 63 x 47*5 = 2992-5 foot tons 
„ „ P'= 71 x 66-5 =4721-5 „ „ 



Total . . 7714-0 „ „ 



The moment of forces of the resultant about the point e 
will be 

= 128*57 X 60 = 7714-2 foot tons, 

which is a very close approximation to the previous figures ; 
as near as can be expected when the data are obtained by 
scaling the lengths. 

There is this apparent disadvantage about working by 
scale — that such absolutely accurate results are not obtain- 
able as when given numbers form the basis of the calcula- 
tion, but in actual practice the discrepancies are so small 
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compared to the gross amounts as to bo negligible without 
incurring uiy appreciable error. 

Every precaution is of course to be taken to secure the 
closest obtainable approximation to correctness, and for this 
purpose the diagonal form of scale, as exemplified by ii, 
i' k J , is the clearest and most convenient. I will therefore 
describe its const nicti on. 

I The lino ii' is divided up into equal parts, each repre- 
senting ten tons each, and from these divisions lines are 
ruled at right angles to ii' up to the boundary lino kk' u! 
the scale. The first division point m is made the zero, 
and the scale numbered from it right and left. 
The boundary lino i k is divided into ten equal parts, and 
through the divisions so found lines are drawn the whole 
length of the scale parallel to the linos i i' and k It. Towards 
the left from the point m the ten tons space is divided into 
ten parts, so that each will rcprcsont one ton. From the 
first of these smaller divisions, a diagonal line is drawn 
to the commencement of the scale at k, and from each of 
the other small divisions lines are drawn parallel to it, and 
terminating at the line k k'. 

If, now, we want to take off, say, 53 tons in the dividers, 
we should place one point of the instrument on the 50 
division to the right of m, and the other on the third 
division to the left. If, however, 531 tons wore required, 
the dividers would be shifted to the first parallel line above 
it' and stretched from the 50 division on that line to the cross- 
ing of the diagonal line ruled up from the third division to 
the left of m ; for 53'2 tons the second lino up will be taken. 
As each diagonal line traverses one ton space in tho whole 
depth of tho scale, it is obvious that its distance from the 
lino i' /.' increases by one tonth of a ton for every lino above 
the lowest, and tho same division will apply to its use as a 
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of feet, hut if inches were required tho lino ik 
would be divided into twelve equal parte. By making the 
scale sufficiently deep to divide into one hundred parts the 
bisections of one diagonal line would increase at each inter- 
secting line by one hundredth of a ton. A scale of twenty 
tons to the inch is large enough for all ordinary diagrams 
of stress. 

It ib a mere waste of time to carry out calculations be- 
yond the limit of utility; thus, in settling sectional areas in 
stress, we should not in any caso work to fractions of a ton, 
and therefore if such occur they can be dropped, and the 
unit figure increased by one. 

In order that any beam or girder may support a load 
placed upon it, it is necessary that the moment of resistance 
of the beam shall be equal to the moment of stress derived 
ftom tho weight of tho load. The methods of determining 
these moments in the simplest manner will now bo shown. 
There are certain letters of the alphabet which will 1 
used throughout the investigations which follow, with the 
same significance in every case. They are : W = total load 
on a girder ; W = local load on ditto ; w = load per lineal 
unit of span distributed over a girder ; I = span of girdor ; 
d = depth ; 6 = breadth ; M == moment either of stress or 
resistance ; S = total stress on a transverse sectional area of 
a stnictural element ; s ■= stress per square unit of the 
same ; T = tension ; C = compression ; / = thickness. 
In indicating the character of stress + will be used forcom- 
pi-ession and — for tension ; the reaction of a pier or abut- 
ment supporting a girder = B. ; and x = the horizontal 
distance from a given point to another point at which stress 
is required to bo determined. 

The various terms in each equation or formula must be 
taken in the same name ; thus, if t is given. lw feet, X vaA 'i 
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must also be in feet ; unci if W, W, or ■ are in tons, S, I", 
and C will also be in tons, anil M in foot tons ; if the 
measurement ia in inches, the others must also be in inches, 
and if the loads are in pounds, the stresses will work out in 
pounds. 

In Fig. \%,ABCDw& side view of a straight beam of 
rectangular cross section, assumed to be supported along its 
whole length, so that no transverse stress can coma upon it, 
Let two vertical, parallel lines, e e' and //, be drawn to 
represent the edges of two imaginary planes intersecting the 
beam at right angles to its length ; now let the support 
between A and B be withdrawn, so that the beam is left 
supported only at the points A and B ; it will be deflected 
by its own weight, and assume a form shown to an 
exaggerated scalo in Fig. 17. The bottom layer A B of the 
beam becomes extended, and the top layer C D compressed ; 
the line e 4 is no longer parallel to //. Midway between thfl 
compressed and extended boundary layers, A B and CD, 
lies a layer i i, or rather a surface of division between the 
contrary stresses, which is termed the " neutral surface " 
of the beam ; it cuts the plaues e e' and //' in h and h', 
which represent the ends of lines crossing those planes, and 
which are the "neutral axes" of those planes. Through 
the point /;. draw the straight line/ 1 / 3 , parallel to//'. The 
neutral surface t i, having no stress upon it, preserves the 
same length as the beam had when it carried no weight; 
/' e shows the distance through which the top layer has 
been compressed in the length of k h\ and e'f shows the 
extension of the bottom layer in the same di&tance. 

If the condition of any intermediate layer klc, or mm, is 

examined, it is found that its compression, or extension, as 

thn case may be, is loss than that of the layors outside 

eater than that of those between it and the neu'lral 

\ 
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surface ; in fact, the extensions and compressions vary from 
nothing at the neutral surface to maxima at the bottom and 
top of the beam. As Dr. Hooke's law shows that the 
resistance varies as the extension, these different layers will 
exert different resistances, producing moments of resistance 
about the neutral axis. In the larger diagram, Fig. 18, 
using the same letters, eff* and/ 1 e represent the maximum 
of extension and compression, and in calculating the 
strength of a beam we must obviously first decide what 
maximum stress we are going to allow, say, per square inch 
of transverse sectional area, and this is to be taken as corre- 
sponding to the value of eff*. Taking one fifth the break- 
ing weight as safe working stress, then iron breaking at 
22 tons gives the working value of s = 22 -f- 5 = 4*4 tons 
per sectional square inch ; for steel breaking at 30 tons, the 
value of 5 = 30 -f- 5 = 6 tons per sectional square inch. 

As d = the depth of the beam, the distance of the oat- 
side layers from the neutral axis is », and as the exten- 
sions vary as the distances from that axis, the resistance 
s' of any layer m m, distant y from the neutral axis, will be 

a a 

2 

in tons per sectional square inch. If b = breadth of the 
beam and t = the thickness of a layer ra m, then the total 
resistance of that layer will be, 

£ = li^l xbxt.- 
d 

and its moment of resistance about the neutral axis 
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If, however, the layer mm has any thickness, its outer 
surface will exert a higher resistance than its inner surface ; 
the total moment cannot, therefore, he reached by adding 
together those of the component layers, and some means must 
be found to determine the sum of the resistances without 
assigning any definite thickness to the layers. 

The stresses above and below the neutral surface are 
symmetrical, because the extensions and compressions 
follow the same ratio to a given length, so long as the limit 
of elasticity is not exceeded ; therefore it is only necessary 
to deal with one half of the section for the present purpose, 
the total moment of resistance being found by doubling 
that of the half section chosen. The resistances of all the 
layers which constitute the lower half of the beam will be 
represented by lines drawn parallel to e' p in the triangle 
e'hf*, and as these lines must touch each other, the resist- 
ance of the half section of the beam is equal to the area 
of the triangle e'hf* multiplied by the breadth of the 
beam. The area of a triangle is equal to its base multiplied 

by half its height ; the height in this case is «, and there- 
fore the area of the triangle will be — 

The moment of this force is found by multiplying it by the 
distance of its centre of gravity from the point h, about 
which it acts ; the centre of gravity of an isosceles triangle 
is two-thirds of its height down from the apex, therefore 
the distance at which the summed forces act about the 
central axis is — 

= d 2 d 
2 3 3 
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and multiplying by the breadth of the beam, the moment 
of resistance of one half is found to be — 

_ s >d d __ , s.dt.b 

--4- x 3 x6 = -nr 

this multiplied by two gives the " moment of resistance" 
of the whole section — 

-mr s . d? . b 

If the cross-section of the beam is not a solid rectangle, 
but of the form shown in Fig. 19, the resistance of the 
parts omitted from the rectangle must be deducted. 

The expression for the moment of resistance to be 
deducted will be the same in form as the above, but the 
maximum stress on this part — the base of the triangle- 
will be less in the ratio of d' to d, and the moment 
will be — 

6 d 6d 

and the moment of resistance of the flanged section will be 
*,__s.d?.b_s.d?.bi __ 5 (d 3 b — df b t ) 

If the section is more complicated, but kept symmetrical, 
this formula will merely require to be extended ; thus, if 
the depths and breadth? li the absent parts are d h d^ d% 
— d n and 6 b b 2 , 6 3 - - - b a , the expression for the moment 
of resistance will be — 

M = 6^ | * b ~ ( dlHl + ***!>* + #» + + ^A) 

This is the general expression for any symmetrical rect- 
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angular section. There is a factor involved in this formula 
which is in very common use in connection with stresses, 
which is called the " moment of inertia." The term is not 
expressive, as inertia means simply inaction, and a moment 
is connected with a force. I will, however, endeavour to 
make clear what the expression really signifies. 

The triangle he! f 3 , Fig. 18, supplies the means of deter- 
mining ratios of forces at different distances from the 
neutral axis if any are in action, and the distances them- 
selves give the factors for calculating the moments of such 
forces ; there remains the direct resistance of the material : 
this will be left out of the question for the present. 

Assuming the factor to give a stress tension to be unity 
when y = 1, then the moment of a square unit will be 
1 x y 2 , because both factors vary as y. The sum of the 

areas will be = -~- x b, and the mean moment of the 

whole area will be in the ratio of 5 X - =- The centre 

2 d 
of gravity of these moments is -5 X ^ from the neutral 

axis, so the moment of inertia of the half section is — 



.""2 X ° X 4 X 3 X 224 

d? b 
and for the whole section I = - 

12 

If this factor is multiplied by the direct resistance of the 
material at unity from the neutral axis, the product should 
be equal to the moment of resistance of the section. If 
s = the maximum resistance per square inch at the outside 
of the girder, then the resistance at unity from the neutral 
axis will be, j 
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and the moment of resistance is, 

,, 1 . 1 „ ,P b e . d> . b . 
M = s X . . X / = 8 X , , x -ro = c 

which is the same result as that previously reached. 

The moment of inertia may tie compared with a measure 
containing a certain number of cubic inches ; in the former 
different results appear in the products according to the 
strength of the material under consideration, and iu the 
latter different weight* are oblaiued by filling the measure 
with liquids of different specific gravities. 

If the flanges A B and C l> are very thin in proportion 
to the depth, and the vertical web is also thin in propor- 
tion to the breadth, a simpler formula may be used, for the 
flange may be taken as a single layer. Let / = the thick- 
ness of each flange and (' = thickness of the web. The 
direct resistance of the flange is = s x b x (, and the 
moment of resistance is, for both flanges, 

M=2 x B x b x t X | = ».6.*.d 

The web is neglected in dealing with the horizontal stresses, 
and regarded as carrying the vertical or shearing efforts. 
In applying tins formula it is usual to measure the depth 
of the girder between the flanges, and not over all, or even 
to the centres of gravity of the flange areas, as in that case 
under a full load the maximum working stress would be 
exceeded in the outside layers. An example calculate! 
both ways will be interesting as showing how closely the 
approximate niothod approaches the exact. 

Fig. '20 represents a cross section of a built-up steel 
girder; each flange consists of two plates 18 inches wide 
and i inch thick, and these are connected fo a web plate 
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4 inch thick by angle steels a, a, a, a, each of which mea- 
sures four inches on each limb, and is £ inch thick. The 
horizontal limbs of the angle steels are regarded as forming 
part of the constructional area of flange, the vertical limbs 
serving as means of attachment to the web ; the girder is 
36 inches deep between the flange plates, and the maximum 
working stress for both flanges is taken as 7 tons per sec- 
tional square inch; this is assuming that the ultimate 
strength of the metal is not less than 28 tons, so that the 
factor of safety is not less than 4. 

Working out the moment of resistance of the section by 
the first formula, we find, 

M __ s {d? . b - (d ? . b x + df . b 2 + dj . b z )} 

6 X d 

d = 38 ins., 6 = 18 ins. The parts to be deducted are 
three rectangles on each side of the web ; adding each pair 
together we find, d x = 36 inches, b Y = 18 — (4 + J + 4) = 
9*5 inches, deducting the widths of the angle steels and 
thickness of the web from the total breadth. d 2 = 36 — 1 
= 35 ins. ; by deducting the thicknesses of the angle irons, 
b 2 = 7 inches, the sum of the width of the angle steels in the 
clear. The remaining rectangles are those between the 
vertical limbs of the angle steels • therefore d* = 36 — 2 x 
4 = 28 ins. ; b z = 1 inch. 

Inserting the values in the above equation, 

M __ 7 { 38 s x 18 - (36 3 X 9-5 + 35"' X 7 + 28* x 1)} 

6 X 38 

= 6827*62 inch tons. 

course the resistance by the next formula, where the 
is left out, will give a much lower moment of resist- 
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ance. b . t represents the sectional area of the flange, but 
b' . t' must be added for the horizontal limbs of the angle 
steels; then 

M=s.d.{b.t.+b l P } =7x36 {18xl+8x 0*5} 

= 6300 inch tons. 

In lattice and triangular girders the webs are not continu- 
ous, and would therefore not come into the first formula, 
which would then give, 

M 7 { 38 3 X 18 - (36 x 10 + 35* x 7 + 28* x 1) ) 

6 x 38 

= 611T43 inch tons. 

When the section of the beam under bending stress is 
not symmetrical a different course is to be pursued. 
Fig. 21 shows a tee section, of which A B CD is the table 
and E F GE the web. The line o . . o passes through the 
centre of gravity of the section, and therefore indicates the 
position of the neutral axis. The centre of gravity is found 
as follows. Assume the section to have a weight equal 
unity per square inch, and determine its moment of gravity 
about the edge A B, by multiplying the area of each part 
by the distance of its centre of gravity from A B, and add- 
ing the products together, then the sum divided by the 
total area will give the required distance y of the centre of 
gravity of the whole section from A B. There are three 
parts — the rectangle i G and the two rectangles Di and Kc. 
As these component parts are in themselves symmetrical, 
the centre of gravity in each will also be the centre of the 
figure ; then if t and if are the thicknesses in inches of the 
table and web, 
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For rectangle iff-ix^Xs =moment of gravity. 
For rectangles D i and K c,(b — t l ) x t x « = moment of gravity. 

Let the height h = 6 inches, breadth 5 = 3 inches, and 
t = J inch, and f = J inch. Then, putting these values for 
the letters, 

6 x 0-5 x o = 9*000 

0*75 
(3 - 0-5) x 0-75 X^y = 0-703 

9*703 = total moment of gravity 

The area of the section is (6 x 0-5) + (2*5 x 0*75) = 
4*875 square inches. 

9-703 100 , . 
y = j^j = 1*99 inches, 

which in practice may be taken as two inches. We can 
now calculate the moments of inertia of the parts above 
and below the neutral axis, z = 6 — 2 = 4 inches. 
For the upper part of the section, 

j _ d?.b-d?.K _ 2*_x 3 — 1 - 25* x 2 '5 = Q . 799 

For the lower part of the section, 

d?.1f __ Vx0'5 _ 
i_ ~ 24 24~~ ~ i66 

For the whole section, 

7=0-799 + 1-333' = 2-132 

To find the moment of resistance this must be multiplied 



I 

by the 
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ihe resistance per square inch at one inch from the 
neutral axis. The maximum stress (7 tons) will bo at i£G, 
four inches from o . .0 ; therefore the stress required will 
be 7 -^4 = 1*7S tons per square inch, anil the workh 
moment of resistance of the whole section will be 

M= 2-133 x 1-75 = 3731 inch tons. 

The same stress is taken for compression as for tensic 
for so long as the elasticity of the material remains mil 
jured, equal extensions and compressions should follow 
equal pressures. 

For purposes of calculation in connection with elasticity, 
deflection, and the like, a factor which is termed the 
" Modulus of Elasticity " is used. This quantity is 
any substance the force which would — were such a thiny 
possible — stretch a bar one inch square to twice its normal 
length; it is of course calculated from extensions of small 
range. The force at which the elongations begin ti 
irregular is known as the limit of elasticity ; tho ratio of 
this limit to the ultimate strength of the material varies 
widely in different materials. Oast iron holds its elasticity 
nearly to its breaking point, on account, no doubt, of its 
crystalline structure! '" wrought iron the elastic limit is 
about 25 per cent, of the ultimate strength, and in mild 
steel it varies from 40 to 60 per cent, of the breaking 
stress. 

It may bo concluded from those figuros that we are not 
to be guided solely by the breaking loads of materials as to 
the factors of safety to be used, for it is obvious that the 
limit of elasticity must not bo approached ; if the ratio of 
the limit of elasticity to ultimate strength is one thin), tho 
: of safety should not be less than four, thou the 
i will not bo greater than 75 per cent, of 



40 IRON AND STEKI. BRIDGES AND VIADL'ITS. 

the limiting elastic stress, but when the elastic 
reaches half the ultimate strength, the (actor of safety 
may be three; so, for instance, ■ lower factor of safety 
may bo used with mild stocl than that required for 
wrought iron. 

Having investigated the nature of internal resistance to 
stress, I will now pass to the consideration of the forces 
accruing from external loads. In any case where the 
structure is at rest the moments of external force must, of 
course, be crjini] arid opposite to the moments of resistance. 

Cantilevers are beams firmly imbedded in a supporting 
wall at one end, and free at the other end, as shown in 
Figs. 22, 23, and 24. The useful load may be concentrated 
at the free end, as shown in Fig. 22, or divided into a num- 
ber of local loads as shown in Fig. 23, or it may be dis- 
tributed uniformly along the length of the cantilever as 
shown in Fig. 24. Every beam necessarily supports its own 
weight in addition to the superimposed load, but this is 
disregarded for the present, as its effect can be added sub- 
sequently, for if a girder supports a number of differently 
arranged loads, each one can be dealt with separately, and 
their moments of stress at any point added together to 
give the total or resultant moment at that point. In the 
three diagrams under consideration A Bis the cantilever of 
which the end A is free, and the end B firmly fixed. Ifi 
Fig. 22 W = the load at the free end ; the moment 
stress at any point distant z from the free end will be 

M = W x x 
the maximum moment will occur at the face of the si 
porting wall, and will be 

M= IV y, I 
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In Fig. 23 there are shown four local loads, w, which may 
be equal to each other, or of different intensities. With the 
value of x indicated on the diagram two of these loads will 
be acting, and the moment of stress about the point m 
will be 

M = W . x + W . y 

The maximum moment of stress at the face of the sup- 
porting wall will be the sum of the moments of all the 
vertical loads, and then will 

Fig. 24 shows a cantilever supporting an equally distri- 
buted load of w per lineal unit over its whole length. The 
moment of stress is required at a point m, distant x from 
the free end of the cantilever. The amount of load pro- 
ducing the moment of stress about the point m will be that 
included between that point and the free end of the canti- 
lever, that is, w X x, which being symmetrical will have its 
centre of gravity in its centre of length, and therefore dis- 

tant ~ from the point m ; this load may be considered as 

concentrated in its centre of gravity, and therefore the 
moment of stress at the point m will be 

M — W.X Xy=- 2 — 

Similarly, to find the maximum moment which occurs at 
the point of support, the whole load, w . Z, is regarded as 
concentrated at the middle of the length and the moment 
of maximum stress, 

, , , I w A 2 

Jf=ir.J. X- 2 =- a - 
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Girders freely supported at both ends, rest upon 
bearings near their extremities, which, however, are free to 
move ; four cases of different loading on such are shown in 
diagram in Figs. 25, 26, 27, and 28. 

In Fig. 25 A B represents a girdor carrying a central 
load /r. This load being equidistant from the points of 
8uj)|>ort A and B, the pressure upon each will be W-r% 
which is thus proved; the moment of the weight /F acting 
vertically downwards about the support A is 

This will bring a pressure upon the support B y which must 
bo equalised by an upward reaction K The moment of 
this reaction about A will be 

M= R x I 

As these two moments will be equal when the stresses are 
in equilibrium, 

W I W 

= R . I : therefore R = 



2 ' 2 

The other half of the weight must rest -upon the support A> 
and its reaction will therefore be 

The stresses will under these circumstances necessarily be 
symmetrical upon each side of the centre of the span, so it 
will be sufficient to deal with one half of the girder. Let 
m show the position of a point in the neutral surface of 
the girder, about which the moment of stress is to be 
determined ; its distance from the point of support A is x. 
The reaction E acts upwards, and therefore — to distinguish 
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it from downward acting forces— it is given the negative 

sign, and 

W 
M= — R x x = — o" Xa; 

When the point at which the stress is required is at the 
centre of the span x = - and 

I will here point out that wherever the resultant moment 
has a — sign, the deflection of the girder is such that the 
upper surface is concave and the under surface convex ; 
when the moment has a + sign, the top of the girder is 
convex and the under side concave. In every case the con- 
cave surface is under compressive stress, and the convex 
surface under tensile stress. 

Let the moment of stress be required at the point m\ 
beyond the load W and distant x' from the support A. 
Working out this moment from both supports, a check upon 
the accuracy of the method is supplied. 

Starting from A there will be two moments about the 
point m' — the upward negative moment of the reaction B 
acting at the distance x, and the positive downward mo- 
ment of the load W acting at the distance X* — - from 
the point m'. This moment will be 

M=-R.a! + Jr. 



2) 



- w - a! a. ur rJ WI_W.q£ Wl 
Starting from B, there will be one negative moment, S 
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acting at the distance (Z— x 1 ) from the point m\ and the 
moment will therefore be 

"" 2 "*" 2 

the same equation as obtained above, but the component 
expressions are in different order. 

The diagram Fig. 26 shows the girder A B under a con- 
centrated load at a point distant y from the support A. The 
moment of the load W about the support R will be 

and the moment of the reaction of the support B about the 
same point — 

= E X / 
therefore, 

W.y = R.l) and#= ^ 

Similarly, taking the moments about B, 

JVx{l-y} =B.l; andU= W% [ j " y * 

At the point w, distant a; from ^4, the moment of stress 
will be 

M=i — R .x = ^ — *-* .x 

At ra', distant a?' from the support B, the momont of stress 
will be 

If this result is calculated from the forces rating between 
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m' and A, two momenta of force will be involved ; the up- 
ward negative reaction it, and the positive downward 
pressure of the load W; the distance at which the former 
acta is = / — tf, and that at which the latter acta will be 
as I — jb* — y ; the resultant moment will therefore be — 

M = -l!{l ~a!\ + W. [1-7/-?} 

so _ ff',l + i['.y + ff :>:■-— j-? +IF.I- W.x'-W.y 

I 

which is the same value as that previously found. 

The maximum moment of stress will occur immediately 
under the load IF ; calculated from the support A, it is, 



Calculated from fi, it i 


; 




M= - R {I 


-rt= 


W.y 

I 


= _ 


W.y + 


irj _ 



-W.y + 



Wf 



The diagram Fig. 27 shows the girder AB loaded with 
several concentrated loads. Before the moment of stress at 
any point can be ascertained the reactions at the points A 
and B of support must be determined. Taking the moments 
of load and reaction about the point A, the following equa- 
tion is found : 

y + iy>. y ' + w: f + W". f = B. I 
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ore, R = *■* + "• / + ***+*". f 



and, It = tr+JJ" + W. + W" + R. 

If the moment of stress is retimed at the point 
in this example is placed between the second and third 
local load, it will be seen that three forces are concerned — 
the upward negative force of the reaction It, and the down- 
ward positive pressures of the loads W and W. These 
forces give the following moments : — R. x ; + W. {% - y) 
ind + IS", (x — if), so that at the section at m 

M = -K.x+ H'{z+y) + W(x— f) 

The resultant moment of stress immediately under—say 
-W 1 , will be, 

M=-R. f + TV. {,/' - y) + W. (f - i) 

Figure 28 represents the girder A B carrying an equally 
distributed continuous load of w per lineal unit. The total 
load is a x I, and as it is equally distributed along the 
girder, one half will be carried by oach end support; there- 
fore R = R 

The moment of stress at a point m distant x from the 
point of support A will be the difference between the up- 
ward negative moment of the reaction R and the positive 
moment of tho load lying between A and m. The distance 
it which R acts about the point m is x, therefore the nega- 
tive moment at m is 

= Rxx 



The load between // and m = w x x, and its centre 



• 
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gravity — where it may be regarded as concentrated— is at 

the centre of its length, and therefore — distant from the 

point m and its moment is, 

w x w.x 2 

The resultant moment of stress will therefore be, 



M = -- 



w.x* w.Lx w 



-;i*-M 



This expression may be verified by calculating the stress 

from the support B, the distance of m from which is I — %' 

the distance of the centre of gravity of the load between m 

I — x 
and B will be — s— , and its weight is w {I — x} 

The negative moment will be, 

TV a 1 w -l (1 i w.P .w.l.x 

= -R x {l-x} = --2-x{l-x} = --j-+— j- 

The positive moment will be, 

. Z — x w .P 2wl .x , w . z 2 
= wv {l-x} x— 2~ =-g- -— 2~ + -g- 

The resultant moment will be, 

w.P 7 . w.x 2 w.P.w.l.x 

w. or 1 w.l .x 



2 2 

the same as before. 

By means of this equation the moment of stress can be 
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determined for any section in the length of the girder, and 
the sections can he modified to suit these varying stresses. 
How this is done will he shown when dealing with the prac- 
tical application of the formula, in Chapter IV. 

When the girder is of such manufacture that it holds the 
same section throughout its length — as in the rolled iron 
aad steel joists now so largely used in building construction, 
that section must be sufficient to support the maximum 
stress on the girder. 

It is now necessary to ascertain the position of the point 
of maximum stress upon the girder. The moment of stress 
is nothing when x = o, therefore it increases from one point 
of support until it reaches a maximum, and thence decreases 
until it becomes nothing at the opposite point of support, 
la between these points lies that at which the maximum 
moment of stress occurs. Lets be the distance of this point 
font the support A ; on each side of this maximum the 
moment will be less, so if two equations arc taken, giving / 
io one a small increment, k, and in the other a diminution, 
\ these equations will he equal to each other, and the value 
if x corresponding to a maximum stress will be found. 

Using the form -g {.e 3 — I. x] we have, 

%li* + hy-i(x + k)} = l{(x-hy-i(x-h)} 

ttereforc, 

l+SAz + A'- I. x~l.h = a? - 2 h. x + k' -I. x +1 k 

(Welling equal quantities on both sides of tho equation, 
remain, 

ZKx- I, h= - -2h. x + l.k 



1 
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Trans [wsing, ami dividing l>"tli sides by A, 
ix = 2l 

and, x = t, 

Therefore the maximum moment occurs when .1 
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Girders WITH Fixed Ends. — A B, Fig. 29, Is an ex- 
aggerated elevation of a girder with free ends under % 
uniformly distributed load ; C and I) are the [joints of sup- 
port. The effect of the toad in deflecting the central part 
of the girder is to cause its extremities to rise up from their 
supports as shown. It is now necessary to ascertain how 
the stresses will be affected if the ends of the girder are 
firmly fixed as shown in Fig. 30 ; this may most easily 1» 
explained by assuming that a gilder with free ends haviag 
been brought into a condition of deflection, lias its ends 
forced down upon the supports in the position they occu- 
pied before any load came upon the girder. 

While the ends of the girder remain free the upper 
surface is in compression throughout its length, and the 
lower surface is in tension throughout ; when the ends are 
pressed down the upper surface is drawn partly into tension 
and the under surface is partly compressed, and a. moment 
of stress set up immediately over the supports where pre- 
viously there was no stress. 

The moment of stress on the free girder is a varying 
quantity, and it is obvious that the moment set up in 
storing the ends of the girder to their original position n 



, 
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equal tho average or mean moment oE atrosa in the free 
girder. 

By calculating the moments of stross at various points 
I, 2, 3, &>., Fig. 31, along the span A B, and plotting 
them aa ordinates 1 1, 22, &c, a number of points are found 
through which a curve of momenta may bo drawn, as shown 
by the line A B. The area enclosed between the straight 
lino A B and the curve AC B represents the sum of all the 
moments of stress upon the girder, and therefore the'mean 
ordinate will represent the mean moment of stress. By 
reference to any text-book on conic sections we find that 
the equation to the moments of strees is also an equation to 
a parabola, and the mean ordinate of a parabola is two 
thirds of the maximum ordinate. The maximum ordinate 
represents the maximum moment of stress, therefore the 
mean ordinate, which equals tho moment of stress over 
either point of support, will be — 



M' 1 



<J> 2 _ vkP 
"8 3 12 



and this moment is positive, as it is produced by the down- 
ward pressure upon the ends of the girder ; for some dis- 
tance at each end the girder will therefore be convex upon 
the upper surface and concave on the under aide. 

The equation for the moment of stress on a fixed girder, 
at a point distant x from the point of support, will be — 

As the ends of the girder arc subject to strossoa opposite in 
character to those obtaining in the central part, there must 
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be two points in the span at which there are no moments of 
stress, and it is here that the curvature changes ; wherefore 
these points are termed the points of contrary flexure, or 
more shortly, the " points of contra-flexure," shown at m 
and m'. 

To find the value of x corresponding to the point of 
contra-flexure, the equation to the moment of stress must 
be made equal to ; then, 

wx 2 __wlx _wl 2 
2 ~2~ ~~ 12 

The factor w occurring on both sides of the equation can be 
eliminated, leaving an adfected quadratic equation, 

X 2 — I X = — - 

o 
Completing the square, we find, 

«■-*« + 4 -4 6 12 
and extracting the square roots of each side, 

1 4- l 
X — = ± — ~ 

x=i±-Lz =/{0-5 ±0-291} 
2 v 7 ! 2 

This gives two values for x 9 one for each point of contra- 
flexure ; they are, 

x = 0*791 /, or 0-209 / 
A girder, fixed at one end only, and free at the other 



would Iw in ttic case of the part A m m' of the girder shown, 
iiml its one point of contra-flexure would be at to, and the 
distance of this point from V, in terms of the span, will be— 



The dotted lines at E indicate a pier supporting the free 
end of the girder, fixed at A. In Fig. 32 is shown a con- 
tinuous girder of three spans ; when this is equally loaded 
throughout its length, the centre span is in the position of 
a girder fixed at both ends, and each end span is similarly 
circumstanced to a girder fixed at one end and free at the 
other, but the spans at each end should be to the centre 
span as - 791 is to 1. 

A greater number of spans between the end ones (rill also 
be as girders with fixed ends. 

It will not, however, always happen that the bridge is 
loaded over its entire length, so this has to be considered 
in each case, and the safest plan is to calculate the stresses 
from the dead weight of the structure as for a continuous 
girder, and those from the live load as for single spans, as 
one span may be covered with live load, whilst there is 
none on the adjoining spans. The points m, m, &c, on 
the diagram, are those of contra -flexure under a uniformly 
distributed load. A fixed girder, a central span of a con- 
tinuous girder, consists virtually of two cantilevers with a 
free girder supported at their ends. 

Triancular or Open-webbed Girders are composed 
of bars so arranged that the loads tiring direct stresses upon 
them in tension and compression, hut no bending stresses, 
Fig, 33 shows the simplest form of triangular girder; the 
bars^l; 1, 7 ; 7, 2; 2,8; 8, 3 ; 3,9; 9, 4; 4, 10; 10,5; 
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5, 1 1 ; 11,6; and 6 /;, form the wcl>, and the bars 1 to 6 
and A to B constitute the top and bottom flanges. The 
parts A D\ and B C li merely complete the rectangular form 
of the girder; the triangles are equilateral. The load is 
carried by the web bars to the piers A and B, and those 
bars are kept in position by the horizontal flangCB. 
there be a uniformly distributed load carried on the top of 
the girder ; this may then be regarded as concentrated at the 
apices, I, 2, 3,4, 5, 6, of the triangles forming the girder. 
On each apex, 2, 3, 4, 5, there will be a load equal to the 
weight per lineal foot multiplied by the distance between 
two consecutive apices ; let W represent this load ; then on 
the end apices, 1 and 6, the load will be 0-75 w, because 
half of the load between B 1 and C 6 will be carried by the 
end struts, It A and B. 

It is evident that a load resting on the top of a web 
will bring compression upon that bar, and a load or 
coming on the bottom of a bar will put tension upon it, 
will happen that certain tensions and compressions 
upon one bar, and then the difference between their sums 
will be the resultant stress. I will now show the relation of 
load to stress on these bars. 

In Fig. 34, aim is one triangle of the web of the girder; 
let the proportion of the weight, W, at a, which is carried by 
the bar a i, be represented by the vertical line a c, complete 
the parallelogram a bee, then will a e represent the thrust 
upon the bar, a i and a b, that brought upon the top flange 
at the point a ; this will have to be added to stress — if 
any — brought upon the flange at other points to the left of 
a, to give the total stress on the bar a v ; similarly the stress 
a e will be added to other stresses— if rmy — acting at the point 
a from the bar m a. The stress on a i is taken up by the bars 
■ o and im. From the point ■ on the line ■■ a mark off ig 
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equal to the total stress on ai, and complete the parallelogram 
ifg h ; then if will represent tension brought on the bar i o 
at the point % and i h that accruing at the same point on the 
bar i m. The stress passing along i o will be similarly re- 
solved at the top upon the top flange and the next web 
bar. 

It will be seen that as the sides of the parallelograms 
either coincide with the centre lines of the elements of the 
structure, or lie pai-allel to them, those centre lines may 
be used for finding the factors of stress obtained from 
the measurements of the work itself, for, by similar tri- 
angles, 

ae ai A ih im 

— = —r ; and — = — 

ac ak xg %a 

But in these expressions a & is the effective depth of the 
girder, a i =the length of a lattice bar, and im = the base 
of a triangle, a b and ec f being opposite sides of a paral- 
lelogram, are equal, and 

ec __ ki 

ac ak 

ki = half the base of a triangle, because the line a & is drawn 
vertically, and the base is horizontal. Let L = the length of 
a web bar between the points where its centre line inter- 
sects the centre lines of the top and bottom flanges; let D = 
the depth from the intersection a to the centre line of the 
bottom flange ; and let B = the base of a triangle between 
two successive intersections of web bars with the flange 
centre lines : then— 

L = ai; B=zim = 2ik; and D = a i 

Inserting these values in the above expressions we find 

ae _ L . ih __ B m ,«(;__ B 
a~c"~I)''trg~L' a ' n at~~Y~D 
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Let W= the vertical load at a, and S = total stress upon 
the web bar a i. Then the stresses due to the load W will 
be— 

Thrust on web bar = W x t- 

D 

j> 
Thrust on top flange = W x n~n 

The stresses at the foot of the web bar will be 

» * 

Tension on next web bar = Sx ^— = <Sx — = S 

%g am 

because the lengths of all the lattice bars are equal. 

7? 
Tension on bottom flange = Sx-r 

As a rule, the angles of the struts and ties with the 
horizontal numbers is either 60°, as shown in Fig. 33 ; 45°, 
as shown in Fig. 35 ; or the struts vertical and the ties at 
an angle of 45°, as shown in Fig. 36. This last form has 
the advantage of keeping the struts to a minimum length, 
which, as their resistance diminishes with the increase of 
the ratio of length to least width, effects a saving, while the 
length of a tie does not affect its tensile resistance. 

If the angle is 60°, the three sides will be equal, so 
B will be = L f and by the properties of right-angled 
triangles : 

therefore, 

L L 1 .1 *zL ^ 1 ^ "^ A K*7»T 

I) " : 866"I "" ; L - ' 2D "~ 1-732 L "~ ° 577 

T * the angle of the web bars with the horizontal is 45°, as 
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shown in Fig. 35, each web bar will be the diagonal of a 
square, of which the sides are formed by the depths 2, 9, 
and 3, 10, for instance; and two half-bases, 2, 3, and 9, 10. 
Therefore the half-base is equal to the depth, and the 
length of a web bar is 



1=1/21?= 1-4147) 
therefore, 

2)~ D — 141 *'Z 1-414 2) ' 2 7) 

In the arrangement shown in Fig. 36 the length of the 
struts is equal to the depth 2), and that of the ties = 1*414 
D and B = 2). 

The methods of summarising the stresses on each bar 
will be shown in the practical examples of different types 
of bridge girders, which will be treated in detail in subse- 
quent chapters, in which also some examples of trussed 
bridges will be considered, the investigation by the paral- 
lelogram of forces being applicable to all such cases. 



CHAPTER II. 

THE THEORY OF STRESS AND RESISTANCE IN ARCHEt 
AND SUSPENSION BRIDGES. 

In a properly formed upright arch the stresses are all c 
prcssive, and in an inverted arch they are tensile ; 
this condition of things to obtain, the form of the arch must 
be such that the line of stress shall keep well within its 
outer and inner contours, which are termed respectively the 
extrados and intrados or soffit. As a general rule, under 
a maximum load the line of stress should not pass above 
or below the central third of the depth of the arch. When 
the load per lineal foot of span is given, and the stress at 
the crown has been determined, it is a simple matter to set 
out the line of stress. I shall first consider an upright 
arch, of which one half is shown in elevation in the 
diagram, Fig. 37. A B is the half arch, which is supported 
at A by an abutment, and at the crown B meets the other 
half of the arch. 

When the arch is uniformly loaded over its whole span 
the thrust at the crown will be horizontal, and its value 
may be determined by the principle of moments of force. 
Let if := the load in tons per lineal foot of span ; R = the 
vertical load on the abutment, and, therefore, its reaction 
upwards ; I = effective span, and v ^ effective rise or 
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versed sine of the arch, both in feet ; these will, in fact, be 
the span and rise of the line of thrust. Let T = the 
horizontal thrust in tons at the crown, and T x = the thrust 
upon any other section of the arch normal to the line of 
stress. The arch being uniformly loaded, one half of its 
total weight will be the vertical load on each abutment; 
therefore, 

E= — 

and this force acts upwards, about the point c — where the 
versed sine meets the chord of the arc — at a horizontal 

distance = . 

The weight of half the arch may be considered as con- 
centrated at its centre of gravity, g, which, if the load is 
uniformly distributed, will be midway between the crown 
of the arch and its abutment ; that is, at a horizontal dis- 
tance from the point c = j . 

This force acts downwards, so the resultant moment of 
stress about the point c will be 

TUT __ w A I __ w .1 I __ w . P 
~~~2 2 "2" 4 *T 

The moment of resistance about the point c is obviously 
the horizontal resistance at the crown of the arch multiplied 
by the rise v, and when equilibrium occurs the thrust 
must equal the resistance ; therefore, the moment of 
resistance will be 

M =z T x v 
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The moments of resistance and stress being equal, it 
follows that 

o 

whence 



r = 



8v 



In cases where the load is not uniformly distributed — as, 
for instance, where the dead weight of the structure in- 
creases as the abutments are approached — the position of 
the centre of gravity g will be altered and the resultant 
moment of stress with it, so that under such conditions the 
horizontal thrust is modified. It is generally necessary to 
increase the sectional area of the arch towards the abutment 
and the spandril ; filling between the road girder and the 
arch must necessarily become deeper in the same direction; 
but when the arch is of iron or steel the difference is not 
sufficient in comparison with the total load to materially 
affect the practical calculations, so the load taken for the 
determination of these may be taken as uniformly dis- 
tributed, except in some unusual cases. 

Under this assumption I shall now proceed to show the 
method of determining the proper contour of the arch. 

The diagram, Fig. 38, shows the outline of half an arch 
of which the effective span is 42 feet, and the rise 8 feet 
The depth of the rib is taken as 2 feet, and the load 1 ton 
per lineal foot of span. The thrust at the crown will be, 



-2 



A is the centre of the crown and B the abutment of the 
arched rib abed, and for the purpose of calculation the load 
is divided up into segments be/^eghf^gikh^imnk, and so 
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on until tho abutment ia reached. The load on the 
ment is 1 ton, that on each of the following ones 
Through the centre of the crown draw a horizontal 
meeting at o a vertical line B o drawn upward 
centre B of tho abutment, and from this point B dr 
horizontal line By, meeting in the point p a ve> 
hep drawn through the crown of the arch ; then 2 
sents the effective semi-span, and .ip the rise < 
sine of the arch. 

By finding the resultants of horizontal thrust 
dead loads between the crown and the abutment, th 
thrusts and the contour of the line of thrust will 
mined. It will not bo necessary to give the wholt 
ogram, two contiguous sides being sufficient for 
sought, and with the resultant making up a tri 
forces. 

The load on each segment is regarded as concen 
its centre of gravity, 1, 4, 7, 10, &c, and acting in 1 
tion of the vertical lines 1 — 1, 4 — *, 7 — 7, &c. 

On the line Ao, and from the point 1, mark off a 
1 — 2, representing to scale the horizontal thrus 
tons; from the [wint 2 draw a vertical line 2 — 3, e 
ton, the load on segment bf: join 1—3, then 1- — 3 e 
resultant thrust passing through the point 4, and a 
its direction. Produce 1 — 3 to S, making 4 — 5 = '. 
from the point 5 let fall a vertical line 5 — 6, equal 
the load upon segment c h; join 4 —6, which is the 
.stress passing through the point 7. Produce 4 — 6 \ 
making 7 — 8 = 4 — 6, and from point 8 let fall i 
line 8 — 9 equal 2 tons, the load upon segment g k, 
7 — 9, for the resultant passing through the poini 
continue describing these triangles of force until 
meat is reached, and then the crave ol fev>a&\, « 
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through the points A, 1, 4, 7, 10, 13, 14, to 19 and B, and 

this curve should not pass outside the middle third of the 

depth of the rib ; in the diagram it is well within it, but 

irregularities of moving load will cause some displacement. 

As the triangles of force are all right-angled triangles, we 

find 'a simple rule for determining the thrust at any point 

distant x from the crown of the arch. Let T x = the thrust 

required, then 



Let the stress at the abutment be required, x = 21, 



I\= V (V^|-) 2 '+(1X21)*= ^/ 1200-66 

= 34-65 tons. 

If the working resistance of the metal is taken for steel as 
6 tons, then the sectional area of the rib at the crown must 
be 27*562 -£- 6 = 4'59 square inches for every ton of load 
per lineal foot, and at the abutment 34*65 -f- 6 = 5*75 square 
inches per ton of load per lineal foot. 

Steel or iron arches will usually occur in sets of not less 
than two, and they must be braced together every 4 or 5 feet 
ft they are not to be treated as columns. 

A useful, practical rule for wrought-iron and mild-steel 
struts and columns which are built up of plates is one 
evolved by Professor Gordon, and is as follows : — Let r = 
the length of the strut divided by its least width or dia- 
meter, / = factor of safety used, and s the working resist 
ft&ce to compression per sectional square inch, then 

19 f r 2 ) 

s -y im i 1 + 9oot 



: 
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A considerable number of expressions for the resistance of 
struts have been published, but I have found the above 
quite satisfactory for practical purposes. 

Many arch-shaped bridges are not arches in principle, 
but consist of two end cantilevers with a straight girder 
carried between them, such, for instance, as Westminster 
Bridge, which has cast-iron cantilevers springing off each 
side of each pier and bolted together over the pier; to the 
ends of the cantilevers wrought-iron girders are bolted. 

In the ordinary arched bridge the road or railway sup- 
ported by it rests upon a straight girder, as shown by CD 
(Fig. 37). This straight girder will be horizontal and sup- 
ported towards the abutments by struts E, which fill in the 
spandril and divide the road girder into very short spans. 
Each strut will be calculated by means of the formula just 
given, and the road girder will be treated as a continuous 
girder. 

Another arrangement known as a tied arch has come into 
very common use for railway bridges ; the thrust from the 
haunches, instead of being met by the resistance of the 
abutments, is taken up by a horizontal tie which connects 
the opposite ends of the arched ribs. Fig. 39 shows an 
elevation of a tied arch in which ABC is the arched rib, and 
ADC the horizontal tie. The roadway is supported by 
cross girders fixed at the lower ends of suspension members, 
e, e, e, &c, for which reason these are called suspension 
bridges by some people. The bottoms of the suspension 
members are kept in position by the main tie, and distortion 
under unequal loadiug is rosisted by counter-bracing,/. The 
main tie D is in tension only, and should therefore bo made 
quite straight, I mention this particularly because the mis- 
take of giving it an upward camber has been made, which 
■ted in the rupture of the counter-bracing as soon as the 
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thrast of the loaded arch came into action. The tension of 
the tie is constant throughout its length, and is equal to the 
thrust at tho crown in intensity, as will ho obvious if wo 
take the moments of force about a point in the crown of the 
arch. One end A of the arch rests upon rollers to allow of 
alterations of length under varying temperatures. 

This form of structure must not be confounded with the 
round-back triangular- webbed girder which has its web 
formed of struts and ties, and which is in principle a trussed 
girder, whereas the tied arch has no web, but only connect 
s to convey the load to it; the stress on the 
, and on the counter-bracing / is simply 
tension, but it is advisable to mako tho uprights of a stiff 
section to oppose any tendency to lateral oscillation. With 
this form of bridge the only stresses put upon tho supports 
are vertical — there is no overturning thrust to be dealt with. 

The commonly recognised form of suspension bridge is 
shown in elevation at Fig. 40. A BCD E is a continuous 
chain running ovor saddles in towers, G G, and anchored at 
each end behind a mass of buried masonry. Vertical suspen- 
sion rods carry the floor F F F of the bridge. The stresses 
upon the suspension chain are in amount the same as those 
on an arch of tho samo proportions, but they are tensile 
instead of compressive. The chain may he run over a num- 
ber of consecutive spans if required before being anchored. 

The light and elegant appearance of this form of suspen- 
sion bridge greatly recommends it, but, and especially in the 
earlier examples, it is liable to great faults, of which its 
liability to oscillation is tho most serious. Although a 
broken or mixed load, such as a mob of people crossing such 
a bridge, will not put it in motion, synchronized 
as, for instance, the marching of soldiors, will sot up 
arom amount of lateral oscillation. 
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Tho form of cross section adopted in the earlier suspen- 
sion bridges is shown in Fig. 41 ; A A are the main chains, 
F F the flooring, and A F the suspension rods carrying the 
flooring. These suspension rods being vertical and there- 
fore parallel, will, if set in oscillation, move synchronously, 
because thoy arc equal in length and parallel, and the 
weight of the floor will be all that tends to bring them to 
rest ; the chains will also take up the vibration, so that the 
main chains and suspension rods can be caused to vibrate 
like parallel pendulums, and if the impulses causing such 
vibration happen to be isochronous with the normal period 
of oscillation of the chain and suspension rods, this vibration 
may increase until the structure is endangered. 

By arranging the chains and suspension rods in in- 
clined positions, as shown in Fig. 42, an clement of stability 
is introduced, because there will be initial tension on the 
suspension rods in addition to that due to the direct floor 
load, and if oscillation occurs, displacing the suspension rods 
as shown by the dotted lines, the initial stress will he 
diminished on the rod A ' F', and increased on the rod 
A F, and this will tend to bring the floor back to its normal 
position. 

In some bridges the suspension rods have been 
inclined away from tbe centre of the span upwards 
towards the towers, to reduce the longitudinal undulation 
of the floor, and it has also been proposed to counter-brace 
the suspension rods, but this would probably complicate 
the stresses without doing much good in other directions. 
Tho parapet girder to which the floor is connected should 
bo made sufficiently rigid to distribute concentrated loads 
over soveral suspension rods. 



. 



CHAPTER III. 

BltlDGE LOADS AND THE CLASSIFICATION OF 
BRIDGE GIRDERS. 

Upon the accurate determination of the loads to which a 
bridge may 1« subject will depend, on one hand, the safety 
of the structure, and on the other economy of material. 

The student should never forget that in dealing with the 
strength of materials, or with the loads and stresses to 
which they may be subjected, no greater folly can be com- 
mitted than to work upon averages. Results arc published 
showing the average strength of different brands of ire 
or steel ; these are useless, for it is only upon the minimum 
strength that relianco can be placed ; in the same way it is 
of no use to know the average loads on bridges : each bridge 
must he strong enough to support the heaviest load which 
can ever come upon it. 

A crowd of people will not weigh more than 120 lbs. 
superficial foot, and that may be accepted as the maximum 
live load for foot bridges, but when we come to vehicular, 
no maximum can be fixed for practical use, as its application 
would lead to waste of metal, each case must Ije considered 
by itself. 

If a railway bridge is required, it must be designed — hi 
England at least — to meet satisfactorily the Government 
tost, a train of locomotive engines of the heaviest type used 
on the railway. To ascertain the loads on the bridge, a 
mtal line must be drawn representing the span, and ou 
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this the positions of the wheels, with the load on each, are 
to bo marked. At each point will be a concentrated load, 
and to find the maximum moment of stress, these loads 
must he dealt with as shown in Chapter I. The concen- 
trated loads in such cases vary very much, as for instance, 
from ten tons on a pair of tender-wheels to sixteen tons ou 
a pair of driving-wheels on the engine. Now, it is obvious 
that it would he no uso to average these loads and call them 
uniformly distributed. 

Road bridges for general traffic arc liable to infinite 
varieties of loads. In country districts such heavy machines 
aa steam ploughs may pass over them, and in towns steam 
road rollers, some of which weigh over thirty tons. In 
these cases the bails are necessarily concentrated upon the 
wheels of the vehicle, and these concentrated loads call 
for the closest attention in designing tho details of a bridge. 

The main girders of a bridge support the flooring, and 
any point in this flooring — in a bridge for general traffic— 
may become the point of application of a concentrated load; 
it is therefore imperative that each subsidiary girder, which 
forms part of the floor, shall he designed to support such 
concentrated load on any part of its length, and that the 
flooring between these girders shall also be strong enough 
to support it. 

A bridge, to be properly designed, must have the stresses 
calculated, beginning at the roadway, and passing through 
all the subsidiary girders to the main girders which carry 
the whole work. 

The floor may consist of small transverse or cross girders, 
supported at each end by the main girders, on either the 
top or bottom flanges ; when the flooring is on the top of 
the main girders, it is often spoken of as decking. If the 
wain girders are to be made with plate webs, the cross 
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girders will be put about 4 feot apart, and the intermediate 
space filled up with buckled or other stiffened plates. 

When the main girders have triangular webs, it 
necessary to connect the cross girders with the flanges i 
the points of junction of the struts and ties with the flanges, 
so that no transverse stress shall Ijo brought upon the 
flanges, and in large structures the distances between those 
points will be too great for filling in with plates, and there- 
fore, intermediate longitudinal girders will be required 
between the cross girders, and the filling-in plates will bo 
carried by the intermediate girders. 

There is auother kind of longitudinal girder used whon 
the cross gji'ders are not far apart, and its duty is to distri- 
bute concentrated loads over several cnjss girders. As an 
instance, let the cross girders l>e 4 feot apart, and subjoct to 
the passage of. a heavy vehicle which has its wheels 8 feet 
apart longitudinally ; when the front and back wheels a 
on two cross girders, there will be one in betweon which 
receives no load at all, and thoso beyond the wheels will 
also be unloaded. 

The two loaded cross girders will deflect under the loads 
which come upon thom, and if all the cross girders are con- 
nected by a light longitudinal girder, rivotod above or 
beneath them, the otherwise idle girders will receive a part 
of the load, for the intermediate girder must deflect with 
those on each side of it. These longitudinal girders are termed 
" distributing girders," and do not carry any part of the load 
to the piere. In radway bridges, their use, whon carefully 
designed, saves about one-thirtl of the weight of the cross 
girders. The forms of bridge floors most generally ii 
may be hotter understood by roferonco to the illustrations, 
Figs. 43 to 50. 

Fig. 43 shows a longitudinal section of part of a bridge 
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floor composed of cross girders about 4 or 5 feet apart, and 
indicated by the letters a a a a a, These are connoctcd by 
a distributing girder, which is so arranged as not to project 
either above or below the Door ; the top flange b b and the 
bottom flange c c are each made continuous, running 
respectively over the top flanges, and under the bottom 
flanges of the cross girders. The web of the distributing 
girder is made up of plates d d d d with angle-iron frames 
on both sides, the return limbs of the angle-irons arc riveted 
to the top and bottom flanges of the distributing girder, 
and their ends are riveted together through the webs of 
the cross girders. I have found this construction give a 
very rigid floor in practice for railway bridges. 

Fig. 41 shows a longitudinal section of the flooring of a 
triangular webbed girder, in which the croBS girders a a 
are placed at greater distances apart, and intermediate 
longitudinal girders b carried between them. It will bo 
seen in this arrangement, the girders b are independent of 
each other, and their flanges stop against those of the cross 
girders at each end. The web is connected to the flanges 
by angle-iron frames on each side, and the ends are riveted 
together through the webs of the cross girders. 

A light and useful floor, which has been largely used for 
both railway and road bridges, is shown in longitudinal 
section in Fig. 45. The cross girders a are placed about 
i feet apart, and the space between filled in with buckled 
plates l>, connected to the webs of the cross girders by moans 
uf angle-irons c t. A bucklod plate is shown in plan at d. 
There is a flat fillet t e e e all round its margin, but the 
central part is dished up between dies, so that it has a rise 
at the crown, which for a 4-feet buckled plate, J inch thick, 
wuiild be about S inches. The angle-irons c c, arc riveted 
through their vertical limbs to the webs of the cross girders 
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and the buckled plates are riveted — or bolted — to the 
horizontal limbs of the angle-irons c c. 

It may not always be desirable to have the buckled plates 
io the position shown, which is especially suitable for rail- 
way bridges, with the deepen bedded between the cross 
girders. In other circumstances they may rest upon and 
be riveted to either the top or bottom flanges of the cross 
girders, but they should always be fixed with the convex 
side upwards, as then the fillet is in tension, if they are 
inverted the fillet will bo in compression — a stress which a 
thin strip of metal is not suited to sustain. It will be seen 
from the illustration that three rows of rivets are requisite 
for the connection of the buckled plates at each cross 
girder web, and to reduce the cost of this, I, some years 
back, designed buckled plates with vertical fillets, fitted 
between the cross girders, as shown in Fig. 4G ; by this 
arrangement only one row of rivets was necessary to make 
the connection with the cross girder webs, and the longi- 
tudinal joints between the buckled plates themselves were 
made with one row of rivets instead of the two rows of rivets 
necessary when tee-iron joint covers arc used to connect the 
flat fillets. These plates, however, have one disadvantage, 
which is that they require to be most carefully made to fit 
properly between the cross girders. With the flat filleted 
buckled plates, they can be cut if any happen to be a little 
too large, and if any are a trifle small, the bearing angle-iron 
makes up for it. Mild steel plates can be bent or dished 
cold, but this should not be done when it is to be used for 
structural purposes in the form of buckled plates, for they 
will then have a tendency to resume their original 
condition. 

In order to get rid of the complexity of girders and Hi 
plates, several manufacturers have designed floorings 
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various forms to combino tho two, tho first of these being 
brought out about twenty-five years since ; it was of a trough 
form, but made of plates joined by angle-irons, so there was 
really nothing gutted by its use. 

A marked improvement on this was made by the introduc- 
tion of troughs a, shown in Fig. 47. These troughs are each in 
ono piece, and do not require connecting angle-irons. They 
are placed side by side and connected together by longitu- 
dinal cover strips b riveted on to them. This trough 
flooring is of one thickness throughout, and therefore metal 
is wasted in the webs whore its moment of resistance is 
small, which could be used to much greater advantage in 
the flanges. 

A saving in riveting was made subsequently by making 
each trough with one side lower than the other, as shown 
in Fig. 48 ; the flanges on the higher sides of the troughs 
overlap those on the lower sides of the next troughs and are 
riveted to them, thus saving the cover strip and ono row of 
riveting, but still tho equal thickness of flange and web 
remained. A great advance was made in trough flooring, or 
decking as it is sometimes termed, by the adoption of trough 
sections of the form shown in Fig. 49. Here the troughs 
have thick bottoms a a, &c, and the sides h b, &c, are 
tapered away towards their edges. These troughs are placed 
together as shown, alternately upright and inverted, and the 
thin edges of the sides b b, iVc, are riveted together by rivets 
dii, &c, wbich will run along the neutral axis. We have in 
this a trough flooring with thick flanges and thin webs, 
which is about as satisfactory as any that can be designed ; 
all the rivets also arc in shearing stress, to resist which they 
are best suited. 

A light and shallow trough flooring about 4 in. deep is 
shown in Fig. 50 ; this has been much used in Indian and 
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other railway bridges for filling in the flooring between the 
rail-bearing girders whore no heavy load can come— unless 
a train becomes derailed, in which case the wheels would 
probably go through and leave the vehicles astrido the floor 
girder. These plates have three or four troughs in one 
piece and may be joined together by cover strips ; b. 

There are several other kinds of ducking, soiiio consisting 
of semi-tubes riveted together side by side, and prevented 
from spreading by tic-bars, but 1 cannot say that I like 
floors which depend upon tie-bars to retain their normal 
widths, especially where simplicity of construction is 
sought. 
The trough floors described above are not oidy used for 
floors of long-span bridges, in which they transmit the 
to the main girders in the same way as the ordinary 
girders; but in short spans they are laid longitiuli- 
itilly across, and so serve as main girders and flooring 
together. The troughs are sometimes filled np with con- 
crete to form a level surface, but this adds considerably to 
the dead weight of the structure. 

The order of classification of girders is then : starting from 
tlic useful load, intermediate longitudinal girders ; cross 
girders ; main girders; if there are distributing girders, 
these come in as adjuncts to the cross gird ere ; if trough 
flooring is used it takes the place of cross girders. 

We have certain fixed data upon which to start; the live 
or useful load for any particular bridge can be ascer- 
tained and its maximum determined, also the weight of 
liallast, floor-plates, and other covering matorial which forms 
the roadway and is part of the dead weight ; wo then 
come to the first of the girders, and this, besides support- 
ing the superincumbent load, has its own weight to carry. 
At one time a guess used to bo mode, and if on calculating 
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the weight it was found inaccurate, a socond approximation 
taken and so on. This going over tho calculations several 
times involved a considerable expenditure of time and 
labour, and I therefore determined, from economically do- 
signed girders, factors which would give closely the weight 
of a girder of known proportions to carry any given load, 
then the weight of the girder thus found is added to the 
superincumbent weight to get the total load, from which 
the final section of the girder can bo at once calculated. 

These factors are given for loads uniformly distributed 
over tho girders ; so if the loads are localised, a uniformly 
distributed load which would give the same maximum 
moment of stress, must be used with the factor to deter- 
mine the weight of the girder. 

The figures given in the following table are for iron, sub- 
ject to working stresses of 4 tons per sectional square inch 
in compression and 5 tons in tension. 

Let W =. weight of girder in tons per lineal foot of span, 
W-i ~ superincumbent load, including live or moving load 
and all dead load, except the weight of the girder itself ; 
in tons ; c = a coefficient taken from the table. Then, 

W = W % x c. 

The plate girders are divided into two classes ; those 
having a uniform sectional area throughout ; and those in 
which the flange plates aro proportioned to the varying 
stresses along the span. The first column shows tho ratio 
of tho effective span to the depth of the girder ; the second 
gives tho coefficient of weight for uniform section of 
flanges ; and the third column that for uniform stress per 
square inch upou flanges i — 



I 
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Span. 


Uniform Section 


Uniform Stress 


Depth. 




of Flange*. 




on Flange*. 


8 . 


» • 


0*00182 


• 


. 000145 


9 . 


• 


0-00198 


• « 


. 0*00156 


10 . 


» • 


0-00213 


• 


. 0*00167 


11 . 


• 


0*00228 


• « 


. 0*00178 


12 . 


» • 


0*00243 


• 


. 0*00189 


13 . 


» • 


000259 


• 


. 0*00200 


14 . 


» • 


0*00274 


• 


. 0*00211 


15 . 


• • 


0*00289 


• 


. 0*00222 


16 . 


» • 


000304 


• < 


. 000233 



To illustrate the use of this table, let it be required to 
determine the weight of a girder 40-f t. span, to carry a load 
of 60 tons equally distributed over its length. The depth 
between the flanges is usually taken as the effective depth, 
let this equal 3 ft 4 in., then the ratio of span to depth will 
be 12, and the factor for uniform stress on flanges is 
= 000189. Therefore— 

^=^ 2 xc = 60x 0-00189 = 01134 ton per 

foot of span. 

The weight of the girder should therefore be — 

= 0-1134 X 40 = 4-536 tons. 

If the girder is to be of mild steel, it will be lighter in ratio 
to the higher working stress adopted ; if the tensile resist- 
ance is taken as 6*5 tons, against the 5 tons for wrought 
iron, the weight of the girder will be — 



i 



4-536 x^ = 3-49 tons. 

The factors for rigid arches and suspension chains are as 
follow — f or iron. 

a 



as 
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&te7 


BigldArch. 


Suspension Chain. 


4 . 


. 0*00085 . 


• • 


0*00073 


5 . 


. 000093 . 


• • 


000079 


6 . 


. 000100 . 


* • 


0*00085 


7 . 


. 000108 . 


• • 


000091 


8 . 


. 000117 . 


> • 


000097 


9 . 


. 000125 . 


t • 


0*00104 


10 . 


. 0*00133 . 


i • 


0*00110 


11 . 


. 000141 . 


• 


0*00116 


12 . 


. 000149 . 


• 


000121 



\ 



CHAPTER IV. 

PRACTICAL APPLICATION OF FORMULA. 

Br equating the formulae for atreas with those giving the 
resistances in cases where the principle of moments obtains, 
*e find the direct stresses and from them determine the 
sectional areas required. In those caBes in which the 
itresses are found by the parallelogram of forces, the direct 
stresses are obtained, and no farther calculation is neces- 
<ary, except to ascertain the sectional area necessary to 
meet such stress. 

The ultimate strengths of the materials used are ascer- 
tained by testing bars, or pieces cut from bars or plates ; 
these have not suffered any deterioration of strength or 
homogeneity by processes of manufacture, but the plates 
ud angle and tee-bars used in the construction of a bridge 
girder undergo the vicissitudes of punching — or drilling— 
wd some of them joggling under a press, or hammer, and 
tor all this, some allowance must be made. 

The improvements in the manufacture of steel have been 
» great that our leading engineers now use it with con- 
fidence, though bo recently as twelve years since many 
plates were found unreliable, they would crack under varia- 
tions of temperature. 

It would be out of place to criticise Wo t\ve iMwswssN. 
Binufacturea of steel, but I wish to impress w^oa ^ 



your 
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younger readers of this work the necessity of conscien- 
tiously studying the qualities of material with which they 
in future practice may have to deal, for nothing is more 
wearying than a state of doubtfulness as to whether the 
material specified will be supplied according to the specifi- 
cation, unless it be the inability to judge or test it. 

If a plate or bar is under tensile stress, any holes 
punched or drilled in it, will reduce its effective sectional 
area — the acting sectional area of a plate 12 inches wido and 
J-iuch thick, with two rows of rivet-holes J-inch in 
diameter will bo equal to 10'5 x J= 5'25 square inches— 
but if the stress is compressive, and the rivets or bolts fill the 
holes, they will not cause any loss of resisting area, as the 
body of the bolt or rivet will take up the pressure and pass 
it on ; if, however, the bolt is not a solid fit in the hole, 
there is the same loss of area as would occur if the plate 
were in tension. In the case of punched holes the loss is 
rather more than that of the metal punched out, because 
the material is weakened for some little distance around the 
hole through the violent action of the punch ; when the 
metal is drilled out there is no such injury to the metal, 
and, therefore, it is common practice to punch holes smaller 
than their required size and broach them out in a broach- 
ing machine, thus cutting away the damaged material. 
When a number of plates in tiers are to be riveted together 
they can be economically drilled in a multiple d rilling 
machine, which will drill the holes through all the thick- 
nesses of plates at one operation and thus ensure absolute 
coincidence of the holes in the successive tiers of plates. 
If the plates are punched separately there is a chance that 
tho holes will not in all parts coincide, and then the rivets 
will be distorted in filling them, and their transverse 
sectional areas reduced ; if the holes are intended for bolts 

t 
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and are not lineable, they must be further broached out to 
get a true hole, and thus more material cut away, increasing 
the loss of effective section. 

For bridges subject to considerable vibration, a factor 
of safety of five should be used ; the Board of Trade is 
satisfied with something less, giving a fixed working stress 
of 5 tons per sectional square inch as the limit for both 
tension and compression, and a great deal of the girder 
iron used in Great Britain has not a higher ultimate stress 
than 22 tons per sectional square inch, though some brands 
run up to 25 or 26 tons. 

Mild steel is specified to have an ultimate tensile strength 
between 28 and 32 tons per sectional square inch ; higher 
resistance is accompanied by a tendency to brittleness ; of 
course the calculations of sectional areas will be made upon 
the basis of the lower figure. 

Let a plate girder be required to carry a load of 2 tons 
per lineal foot of span over an opening 120 feet wide. 
Let w = load per foot run ; I = span ; d = effective 
depth ; A = sectional area of flange in square inches, the 
form being similar to that shown in Fig. 20. 

The effective depth is to be measured between the 
top and bottom flanges and the effective span from centre 
to centre of the bed plates upon which the ends of the 
girder are supported. Let these bed plates bo 5 feet long, 
then the effective span will be 125 feet. The depth must 
next be determined. 

Let s = working resistance of the material in tons per 
square inch ; a =. the sum of the sectional areas of both 
flanges in square inches; a' = vertical sectional area of 
web in square inches including an allowance for the 
weight of web stiffeners ; t = thickness of web in 
inches. 



■ 
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As the moment of resistance has for its leverage the 
depth of the girder, it is obvious that the deeper the 
girder is made, the less will be the sectional area of the 
flange required, so by increasing the depth we economize in 
the flanges. The vertical sectional area of the web will be 
theoretically constant, as only a direct shearing stress 
comes upon it, but in practice the plates cannot be used 
below a certain thickness, ao that after a particular depth 
is reached any extension of it increases the weight of the 
web. 

If then diminution of flange weight is accompanied by 
increase of web weight, there must be some ratio of depth 
to span in each case that will correspond to a minimum 
weight of the girder as a whole. The weights of the 
various parts will, of course, vary as their sectional areas. 
The moment of stress at any point distant x from one 
point of support has been shown to be, 

and the moment of resistance is the direct resistances of 
the two flanges multiplied by half the depth of the girder, 
and the moment of resistance is necessarily equal to the 
moment of stress, therefore, 
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Here is found the positive quantity — x 12 dt and 

d 8 

the negative— ^-? varying with d; if, therefore, a point is 

CL 8 

reached at which the value a -f a' is a minimum and about to 
change from the decreasing to the increasing value, we may 
by making the increment of d infinitesimal, regard the 
increase of the two quantities as equal. Let / be an in- 
definitely small increment of d, then 

Deducting these from the previous quantities, and equa- 
ting the differences of the positive and negative values, we 
get 

wa? wa? , 10// , , ,v wlx wlz 

whence, 

1-,/ - 8 \d d + f) S \d+f d) 

~ < d' + d/ s d» + rf/ 

r 

As / is taken infinitesimally small in comparison with 
d, the value df as compared with <P may be neglected, then 
dividing both sides of the equation by / we find 

12 t — ^^ _ ^^ 
"" s.d 2 s.d 2 

Multiplying both sides of this equation by d, 

set $d* 



88 IRON AMD STEEL BRIDGES AND VIADUCTS. 

Therefore, when the weight of the girder is a minimum, 
the sum of the sectional areas of the flanges will be equal 
to the area of the web. 

The value of d at any point may be found from the 
wlx 



V>3? Wlx 



:<*-0 



'-Vsn*-* 



Changing the sign brings this to a rational quantity 
without altering the difference in value between x and f, 



'=«/W, 



('-') 



but this iB an equation to an ellipse, of which the length 
of the girder forms the major axis, and tho depth the semi- 
minor axis. From this it appears that the moat economical 
form for a plate girder, under an equally distributed load, 
is that of a semi-ellipse. In the example I am now taking, 
however, I shall take the flanges as parallel for convenience 
in some other respects. To find the proper depth at the 

centre, make x = g then 

'= y/&. -('-,-)" a/St. 

The next step will be to find the thickness of web with 
allowance for stiffeners. 
The shearing stress upon the web at any point distant 
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y from the centre of the span is = w . y ; it is nothing at the 
centre of the span when the girder is fully loaded and is a 
maximum over the points of support. The amount of 
shearing stress at any point is that equal to the load trans- 
mitted through that point to the nearest point of support. 
If the girder is not fully loaded, there will be a shearing 
stress at the centre of the span, and this must be provided 
for. If the girder is loaded for half its length, this load 

will be = -7J- 1 and it may be considered as concentrated at 

one-fourth of the span from the support at which the load 
commences ; then the load transmitted through the web 
to the farther support will be — 



_ (wl l\ . j_Wl 



and this will be the shearing stress on the web at the 
centre of the span. Over the support the maximum 
shearing stress will be half the total live load, plus half 
the weight of the girder itself. 

The girder would not be made less in depth than one- 
twelfth of the span, for reasons which will appear when 
dealing with "Deflection," so this proportion is safe to 
take to determine the dead weight of the girder. Assum- 
ing that the plates in the flanges are to be reduced to 
accord with the diminishing stresses towards the points of 
support ; the factor of weight for this proportion is, accord- 
ing to the table, page 81, 000189. - W 2 = 2 tons x 125 feet 
= 250 tons ; therefore the weight of the girder in tons per 
lineal foot 

= 250 X 0-00189 = 0-472 tons, 
this brings the value of w up to 2 + 0*472 = 2-472 tons 
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per lineal foot; therefore the shearing stress over the sup* 
ports will be — 

= 62-5 x 2-472 = 154-5 tons. 

The working stress for iron in shearing is 4 tons per sec- 
tional square inch, therefore the web area over the points 
of support should be 154*5 -f- 4 = 38*625 square inches. 
At a depth of one-twelfth the span, that is, 125 -£- 12 = 
10*41 6 feet, the theoretical thickness would be— the depth 
of web being 10*4l8 X 12 = 125 inches; 

12 ^ = 0*309 inch, 

for a depth as great as this, I should not put in a web less 
than i-inch thick at the supports, and f-inch thick at the 
centre of the span, which would give an average web thick- 
ness of -A-inch for the plates. The web stiffeners would be 
tee irons, 5 inches by 5 inches, by J-inch thick on both 
sides of the web-plates at every four feet along the girder, 
and these would also serve as covers to the "joints. The 
horizontal sectional area of these tee-irons will be = 

2 { 5" + 5" - i" }|- = 13*875 square inches, and this 

spread along 4 feet, that is, 48 inches, will correspond to 
an average thickness of 

13*875 AOQQ . , * 

- ; Q - = 0*289 inch. 
4o 

The value of t will, therefore, be ■&■ x 0-289 = 0-726 inch. 
Let 5 = 4 tons. The proper depth of the girder will be— 



a- /^TF - a/ 2*472 x 125* * a *A»* * 
d ~VWn~ V 48 x 0726 x4 = 16 ' Wfet 
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This height would requite heavier web stiffeners than 
I have assumed, Mid to avoid this additional weight I shall 
fix the height of the girder at 14 feet, and proceed with 
the calculations on that basis. The resistance of one flange 
is equal to its sectional area A multiplied by the working 
stress s per square inch, which is here taken as 4 tons for 
wrought iron. The moment of resistance at any point 
where A = the sectional area of flange in square inches 
is — 

M = s. A.d 

Equating this with the moment of stress at any point 
distant x from one point of support — 

. j WX 2 wl'X 

sAd=- Y -- ¥ - 

j_W7? Wlx _ W f« ; ) 

A -~Y7d ~2^7d-JTd r " x \ 

For compression s will be taken = 4 tons, and for tension 
s = 5 tons per sectional square inch. By calculating the 
stresses at various points along the span, ordinates are 
found from which a curve, such as that shown in Fig. 31, 
page 51, can be drawn, and this will show how the sec- 
tional area of the flange should be reduced to suit it to the 
diminishing stress; there is, however, a shorter way of 
getting at this, and one more convenient in practice. Each 
flange of the girder will consist of one or more plates con- 
nected to the web by angle-irons on each side ; if one plate 
is sufficient for the central stress, there can be no reduction 
of sectional area, except by making the flange of several 
lengths of plates of different thicknesses, and this would 
not be worth while as cover-joint plates would take up 
what is saved in the main plates. If, however, two or more 
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tiers of plates are required at the centre of the span, nono 
but the insido ones of each flange need be run the whola 
length of the girder, the others may be made shorter 
according to the diminution of stress. 

To return to the example, the area at the centre is given, 

when x = ~ ; then — 

,_ w (P_P) v.P 
27773 U 2J S.a.d - 

_ 2-472 X 125* 00 „,_ . , 

v fi = ™'^' s 1 liare inches 

for the top flange ; and for the bottom flange — 

A' = 8 ' 47a * ^ = 68-974 square inches. 
8 X 5 x 14 n 

For the top flange this gives the gross sectional area, and 
the net area for the bottom flange. The flange plates will 
be 30 inches wide, and the angle-irons connecting them 
with the webs 6 inches x 6 inches x J thick, with two 
rows of rivets in each limb; the rivets to be I inches in 
diameter, and all rivet-boles are to be drilled from the 
solid, or broached out from J-inch punched hole, 

Beginning now with the top flange— its gross area is 
be, not under 86217 square inches. The horizontal liral 
only of the angle-iron3 are to ho taken in as flange ai 
the amount will be = 2 x 6 X i = 7J square inch< 
The remaining area to be made up in plates, will be 
86-217 - 7-5 = 78717 square inches. The thickness of 
the plates at the centre will be, altogether, 78 - 717 -f- 30 = 
2'623 inches, which, to suit the commercial thicknesses of 
the plates, will be taken as 2J inches. 



m 
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It U evident that the more plates ia the thickness the 
more nearly can they be cut off to correspond to the curve 
of stress ; therefore I shall make up this central thickness 
with four tiers of plates, £ inch thick, and tho outside tier 
■ inch thick. 

One of tho equations given above determines the required 
area at any given point, and by transposing this we can 
find the position of a point to suit a given area. As wo 
cannot practically taper the thicknesses of the plates, the 
flange area is reduced by jumps stopping off one plate at 
a time. 

In the case in question the stoppage of the S-inch plate 
will reduce tho flange area to 86'25 - ( 30 X 0'G25 } = 67-5 
square inches, and each stoppage of £-inch plates will 
further reduce the flange area by 15 square inches, succes- 
sively bringing it down to 52 - 5, 37'5, and 22'5 square 
inches. 

The expression for the value of x for a given sectional 
area is thus found ; — 

j _ wa? _ w I x 
~ ¥J~d Y7d 
therefore, 

a? - lx = 2s - A - d 

This is an adfectod quadratic equation solved thus : com- 
pete the square on the left-hand side in the usual way, 
nuilting au equal addition to the other side to preserve the 
Bquality of the two sides, then— 

['-"-UHiy- 1 ^ 
i ,■ , ■ - . .... 2sAd 

In this transposition the minus sign is given to — — — 
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because the solution of x* — lx must give this sign to th 
result, I being always greater than x. Taking the squai 
roots of both sides of the equation we have — 



x 



l _ 

2 


VI" 


2 s.A.d 
w 


- _! 


+ . /£ 


2s Ad 



X 

It is evident from the form of the equation tk 



- is equal to the distance which the pit 



V ^ w 

extends on each side of the centre of the span, as tl 

quantity is to be either added to — or deducted from it, 

giving the two values of x, one for the commencement sl. 
the other for the termination of the tier of plates ; th© 
fore the length of the tier of plates will be, 



=Vi- 



2 s. Ad 



w 
For the example under consideration this formulae become 



2 /P _ 2sAd _« a/vM_ 2x4x^x14 , 
V 4 w V 4 2472 

2 V 3906-25 — 45-307 A 

When the outer tier of plates — | inch thick — stops, th 
sectional area of the top flange is reduced to 67*5 squai 
inches, so the length of this outer tier, 



= 2 V 3906-25 — 45-307 X 67-5 = 58-24 feet. 
The stoppage of the next plate reduces the sectional an 



I 
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flange to 52*5 square inohes, so th# length of this tier 
1 wfllbe, 

= 2 y/ 3906-25 - 45-307 X 52-5 = 78-16 feet, 
and the two following tiers will have lengths respectively, 



= 2 J 3906-25 - 45-307 X 37'5 = 9396 feet, 
and, 

ss 2 y/ 3906-25 - 45-307 x 22-5 = 11M1 feet. 

The lengths of the tiers actually used will be the nearest 
above these to suit the pitch — or distance from centre to 
centre—of the rivets, for, of course, each tier of plates and 
Q&ch plate in the tier must comprise a certain number of 
pitches. 

If a rivet occurs in the centre of the flange there will 
to an odd number of pitches, but if there is a space there 
this number will be even. In the latter case, the first tier 
*ith rivets 4 inches pitch would be, 60 feet =180 pitches ; 
the second tier, 79 feet 4 inches = 238 pitches ; the third, 
U feet = 282 pitches; and the fourth, 112 feet = 336 
pitches. The inside tier of plates runs the whole length of 
the flange. 

The nett sectional area required at the centre of the 

bottom flange — which is in tension — has been found to 

equal 68*974, say 69 square inches. The rivets in the 

limbs of the angle-irons will be zig-zagged so as not to take 

more than one rivet-hole out of each limb in a cross section 

square to the length of the angle-iron : the sectional area 

available to resist tension in the horizontal limbs of the 

two angle-irons will be = 2 {6 — %} $ = 6*4 square inches. 

Deducting this it leaves sectional area to be supplied by the 

plates s69- 6*4 = 62*6 square inches. 
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The bottom flange will be tbe same width as the 1 
30 inches, but out of the section four rivet-holes are to 
taken, for it will be. necessary to rivet the edges of 
plates together to prevent the entrance of moisture beta 
them, by which internal corrosion would be set up ; 
effective width of these flange plates will, therefore, 
30 — i X 4 = 26-5 inches. The thickness of the bot 
flange at the centre of the span must be 62*6 -r- 26 i 
2*324 inches — commercially, 2f inches. An outside p 
f inch thick, and four inner ones, each £ inch thick, 
furnish the requisite sectional area at the centre. ' 
reduction of area by stopping the outside plate will 
= 26-5 x f = 9*937 square inches; this will 1( 
69 — 9-937 = 59063 square inches, say 59. The stopi 
of each of the succeeding J-inch plates will cause a ret 
tion of 26 5 x £ =13*25 square inches, and this will re<i 
the sectional area of the flange successively to 45*75 sqi 
inches; 32*5 square inches and 19*25 square inches. ' 
actual sections will be somewhat more, because the s 
commercially obtainable are larger than the theorel 
thickness, but this will be neglected, for sometimes 
weights run a little under the nominal ones. 

The outside tier of plates will have a length, 



m o a /l25 _ 2 X 5 X 59 X 14 



2*472 



= 2 V 



3906*25 - 52-54 X 59 = 56-78 feet. 



The succeeding tiers of plates will, in consecutive oi 
have the f oll<^ " " ?ths : — 
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2nd tier, = 2 a/3906'25 - 52*54 x 4575 = 7752 feet ; 

3rd tier, = 2 a/390625 - 52*54 x 32*5 = 9298 „ 

4th tier, = 2 a/3906-25 - 52-54 X 19-25 = 109-44 „ 

The actual lengths will, of course, be regulated to suit tho 
pitch of the rivets the same as in tho top flange. 

Whatever particular duty a plate-girder may bo taking, 
whether cross or main, or bearing girder, the method of 
calculating the constituent areas will be the same, so tho 
above example fully shows the application of tho formula 
to this class of work. 

In girders with triangular or lattice-webs, Figs. 33, 35, 
and 36, the stresses upon the flanges do not increase so 
gradually as in plate-girders, for the increments of stress 
accrue only at the junctions of web-bars with tho flanges, 
whereas in the plate-girder they come on at every pair or 
set of rivets connecting the web angle-irons with tho 



In Fig. 33, for instance, the flange stress is constant from 
1 to 2, or from A to 7 in the bottom flange, so the area of 
ftny member forming the base of a triangle should bo 
constant throughout its length. The stresses may bo cal- 
culated by the principle of moments, those on the top 
flange being taken about the points 7, 8, 9, 10, and 11, 
and those on the bottom flange about the points 1, 2, 3, 4, 
6, and 6. The stress on any part of either flange will bo 
found by taking the difference between the moment of re- 
action of a point of support and the sum of the moments of 

H 
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the intermediate loads, and dividing it by the depth of tlic 
girder. 

The upper flange must be treated as a series of struts if 
of considerable length between the junctions with the web- 
bars, but in those girders in which a close lattice-web is 
used this is not necessary, as the conditions will closely 
approximate those which obtain in a plate-girder. 



CHAPTER V. 

JOINTS AND CONNECTIONS. 

For bridges over certain moderate spans plates cannot be 
obtained equal to the whole length of the flanges, and there- 
fore these must be made up of several lengths of plates 
joined together by cover-plates* Wrought-iron bridge plates 
fcre not often rolled more than 21 feet long, and some of 
highest qualities are kept down to 18 feet long. Steel plates 
uaay be rolled much longer — up to 40 feet — but these great 
lengths are awkward to handle, and it is sometimes more 
economical to use shorter ones, although this involves a 
greater number of cover-plates. The simplest kind of plate 
or bar joint is shown in Fig. 51, in elevation. In this A 
*&d £ are two plates meeting at 2?, and held together by 
* cover-plate CD, riveted to both of them, as shown 
ty the rivet-heads /. A stress acts upon the plate 
4 in the direction of the arrow, and puts it in 
tendon; this, unresisted, would draw it away from the 
plate B, and the duty of the cover-plate i3 to take up the 
tensile stress and transmit it to the plate £. So that there 
*nay be no waste of material the joint must be equally 
strong with the plates it connects. The whole strength of 
the plates in their solid parts cannot be carried through the 
joint because there is an unavoidable loss through rivet- 
holes for the rivets connecting the main plates with the 
cover-plate. 
Let this joint be made between two bars 4 inches wide by 
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] inch thick ; tho stress will tend to pull the bare apart by 
shearing tbrough the rivets connecting them with the cover- 
plates, it is therefore obvious the sum of the sectional arcap 
of the rivets on each side of tho joint multiplied by the 
working resistance to shearing, should be equal to the net 
sectional area of the bar multiplied by its working resistance 
to tension ; the tensile resistance for wrought iron is 5 tons, 
ami its safe resistance to shearing stress 4 tons per sectional 
square inch. 

If the rivets used are £ inch diameter, the net area of the 
tar will be (i — 0-875) x 0-75 = 2-344 square inches, of 
which the working resistance is 2-344 x 5 tons = 1172 
tons. This stress has to be carried by one set of rivets 
from the bar A to the cover-plate CD, and thence by 
Mother set of rivets from that cover-plate to the bar B, the 
number of riveta necessary to do this is now to be 
ascertained. 

Thecross-scctionalareaof a |-inch rivet is - 6 square inch, 
therefore the shearing resistance of each cross-section of 
rivet area will be 0-6 x 4 tons = 2'4 tons; hence the 

Bir of rivets required on each side of the joint £ 
> 
I 1 '. 7 - = 5 rivets, 
nething more than four rivets being required we must 
use five, as shown in the Figure. 

There is a matter connected with riveted joints of this 
class which I may as well deal with now as later on — it is 
'lie value of the friction of the plates to sliding one upon 
lie other. That this friction has some value cannot be 
JiTiied, but to ascertain its actual value is impc 
tie /ttr of friction it is some fraction of the totaV ioxwi -s 
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which the plateB are pressed together by the contraction 
the rivets in cooling, and this pressure will depend upon t 
temperature of the rivets when " closed " or headed up, i 
on their permanent yield while cooling : on the whole 
quantity is so indefinite that it is ignored in designing ]oi 
and shearing area sufficient to take up the whole st 
provided. 

In order that tho work, when finished, shall he sonix 
and solid, it is imperative that the rivets should be proper 
designed, so that the strength of tho heads sliall be ( 
that of the body. 

An ordinary rivet is shown in elevation in Fig. 5 
d = diameter in inches; D = diameter of head in inch 
and a = height of head in line with tho outside of t 
body — also in inches. 

The greatest stress to which the heads will be Bubjectir 
be that due to the contraction of the bodies in cooling, a 
this will not exceed 10 tons per cross sectional area of riv 
body, for at that stress the limit of elasticity will be reachw 
and the rivet will stretch. In the direction in which a riv 
will pull out of its head — parallel to the fibre — the res 
anco does not probably exceed four-fifths of the s 
resistance across the grain; tho working stress along t 
grain should therefore be taken as & x 0-8 = 32 tons j 
sectional square inch. 

The maximum pull upon the head of a rivet will, un< 
these conditions, be 0-7854 if x 10 tons =7'854 d. 
shearing area in the head will be the height a multiplied 
the circumference of the body, and its resistance at 3'2 t 
will be equal to 3'1416 d X ft X 32 tons = 9-853 t 
Equating this with the stress wo have 9-853 d.a. 
7-854 (T-, whence a = 0-797 d. If pan-head rivets i 
used this will give the thickness of the heads, but if t 
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are hemispherical the height at centre will be somewhat 

more. The head of the rivet must also have sufficient 

area around the body to prevent the compressive stress from 

exceeding 4 tons per square inch. The area of this rim 

of the rivet-head will he equal to 07854 (IF - d>) • and its 

resistance to compression 0-7854 (IP — iP)x 4 tons = 3*1614 

(FP — (?). Equating this with the stress upon the rivet-body 

we have, 3*1416 (D'-d* ) = 7*8 54 d'; therefore Z> 5 -=2-5<? 

X if = 3-5 (p, D = i/$-5 (P = 1*87 d; so for example 

the diameter of head of a J-iuch iron rivet should bo 1*87 

x 0*75 =1*4 inches, that is in commercial sizo 1| inches 

full, so it would be advisable to make them 1 J inches. 

The bearing of the rivets upon the surfaces of the rivot- 
holea has also to be considered, for the compressive forco 
there should not exceed 4 tons per square inch, measured 
square to the direction of the stress, so that the effective 
area will be equal to the diameter of the rivet multiplied 
by the thickness of the plate. The rivets shown in Fig. 51 
are in single shear, that is only one sectional area comee 
into action, had there been another cover-plate below the 
Bain plates A and B, each rivet would be in double shear, 
wd therefore only half the number shown would have boen 
required. 

If the rivet is in single shear its resistance = 0*7854 i* 
X 4 tons -= 3*1416 d>, and if ( = the thickness of the 
plate, the bearing resistance = i t ,d; therefore, equating 
these, we find 3*1416 d* = ii.d; whence t = 0*7854 d, 
orrf = 1-273/. 

If the rivet is in double shear the central plate should 
theoretically be double this thickness, but this is not 
requisite, because that plate being closely riveted up be- 
tween two others cannot bulge or thicken without burstin- 
the rivet-heads, and in actual practico I have never 



104 IRON AND BTEEL BRIDGES AND VIADUCTS. 

experienced nor heard of any failure in such a case, 
although tlio thickness given for single shearing has not 
been exceeded when the plates were in double shear. This 
teaches that if we have sufficient cross sectional area in the 
rivets to pick up the longitudinal stress on the plates, the 
bearing in the rivet-holes will do what is required. 

In regard to the rivets occurring near the ends of plates 
that are joined, nipturc might occur by tearing off a piece 
of the end of the plate or by tlio rivet bursting out of it 
if too near the edge, and to avoid this latter, experiment 
and experience show that the distance from the bony of the 
rivet to the edge of the plate in the line of stress should 
not be less than one and a half diameter of the rivets; 
thus, with a J-inch rivet, J x 1£ = 1 £ inches. The diameter 
of the rivet is j£ inch, therefore the distance from the 
centre of the rivet to the edge of the plate should not be 
less than 1J X j = 1^ inches. Generally then the dis- 
tance of the centre of the rivet should not be less than two 
diameters from the edge of the plate in the lino of s 
Laterally there must be sufficient sectional area of plate 
as the rivets are themselves proportioned to this. 

In compression joints the stress should, if the workmai 
ship were absolutely perfect, pass from the end of i 
plate to that of the next, upon which it presses, and i 
such a case the cover-plates would only need to be lonj 
enough to keep the main plates opposite each other; I 
we cannot he certain that these plate ends are in couta 
uniformly over their ends — the process of riveting i 
disturb them— and therefore it is usual in joints of t 
type with which I am now dealing, to put as many r 
in a compression joint cover-plate aa would bo used if t 
stress were tensile. 

In large triangular- webbed giiders, when the top flangt 



JOINTS AND CONNECTIONS. 105 

made in segments of which the ends are facet! up truly 
in a lathe and made to fit accurately there is no need of 
long cover-plates to the joints of that member, and only 
enough rivets to keep the contiguous ends in juxtaposition 
sill be required. 

If all the rows of rivets in the plates of a girder are 
kept with the rivets in each row opposite each other, the 
loss of effective width of the plates will be equal to the 
number of rows of rivets multiplied by the diameter of 
the rivet-hole ; but some saving may be mado by zig- 
ngpog the rivets, as shown in plan in Fig. 53, pro- 
vided that the pitch of the rivets is sufficiently wide to 
allow ample room between the rivets of consecutive rows 
measured direct from centre to centre. The main plates 
A and if are assumed to be under tensile stress tending to 
pull them apart. The effective width on the line c c is the 
whole width less two rivet-boles, but to hold this the rivets 
must be so arranged that the line c c' d c, less four rivet- 
holes, is not less than the effective width across the plate. 
If the flange of a. girder consists of several tiers of plates, 
. which are long enough to require jointing, a saving may bo 
efleeted by bringing several joints under one continuous 
cover-plate, as shown in Fig. 54. The distances between the 
joints must allow for sufficient rivet area to take up the 
stress from one plate, and these stresses will be passed on 
b the following manner : The main plate ends are shown 
by a b <■ and d on the one side, and a 1 V c' and d' on the 
other side. Tho plates are assumed to be all the same thick- 
ness, and, therefore, the same number of rivets will be 
required to pick up the stress from each main plate. The 
stress on tho plate d passes in the direction of thi asww i 
Jo the pfote r-'j that on c in the direction oi. t\\c wrara \ to 
tie plate i' ; the stress from plate l> along tlic altera I to 'Orc 
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plate a' ; and the stress from plate a passes along the 
m through the rivets between e and / to the cover-plate 
and thence along the arrow n through the rivets betwi 
g and A to the plate if. 

Now if these joints wore not brought into this proxii 
two laps of cover-plato would obviously bo required 
each joint, and as there are four joints that would necei 
eight laps of cover-plate in all ; it is seen from the 
that only five laps of cover are requisite in the arrange: 
shown. 

Fig. 55 shows how the stress upon the plate a b is picl 
up bit by bit and transmitted through the rivets e f gh 
to the plate c d. The shading shows the diminutioi 
stress in the lower plate as it increases in the upper, 
this and the preceding diagram the thicknesses of the pi 
are much exaggerated for the sate of clearness, and 
may give the impression that, along the arrow n for instance, 
considerable bending stress would be set up in the rivets, 
but the actual length of the rivets between heads would only 
be 2^ inches if the plates were 1£ inch thick. 

For these joints to be perfect it is evident that the rivet- 
holes should be exactly in line and of exactly equal 
diameters, which condition can be best insured by fastening 
the plates together at the ends and drilling the holes through 
all at one operation, then when the rivets are closed up their 
bodies will be truly cylindrical, and their bearing on the 
plates uniform throughout. 

Hydraulic riveting is universally used for runs of 
riveting, and great density is secured in this way in the 
bodies of the rivets, for a steady pressure of some twenty 
tons will do more to solidify the rivet than any amount of 
hammering, and the whole pressure being applied the edges 
oi the rivet heads will not be cracked, a. not infrequent 
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occurrence m hand-riveting when the hammering ia 
tinued too long. 

It may be mentioned in this place that the ahei 
resistance of mild steel is only about 26 tons per sectioi 
s inch against 21 tons for wrought iron, and this is 
»bly duo to the absence of fibre in the steel, for it is 
y a gain of about 27 per cent., while in tension the steel 
•hows about 30 tons per sectional square inch against 22 
tons for ordinary girder iron, or nearly 37 per cent, increase 
ol strength. Steel in this way does not seem to possess the 
toughness of wrought iron. 

Riveting is vastly superior to bolt connections, because 
it not only ensures a true fit, but will secure permanency of 
hold, which is not certain in bolted joints ; but aa bolted 
wnnections are constantly required in some part or another 
of any structure of importance, it is necessary to enquire 
into the proper proportions to be adopted. 

As bolts are put in place cold they are not liable to the 
exceptional stress put upon rivets during contraction. Let 
i = diameter of body ; D = diameter of head, that is the 
least width across the head ; H = the height of head ; and 
h = the height of nut, the working stresses remain the same 
u for the iron rivets. 

The ratio of shearing area to draw the body out of the 
head of the bolt to the cross sectional area of the body will 
be — as there are only the ordinary working stresses to 
consider — as 5 to 4. Hence 4 x 31416 d x H = 
0-7854 (P ; whence R = 0-31 2 d. It is common practii 
make the head of a bolt not less than half the diameter of 
the body, and the height of the nut equal to the diameter 
of the bolt to allow for weakening in cutting the thread, 
hich will generally remove about one-third of tho stripping 
i, which must be sheared off to release the nut. 
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effective diameter of a bolt for calculations of strength is 
the diameter at tho bottom of the thread if it is in longitu- 
dinal stress, but if it is in shearing stress the cylindrical 
part of the body gives the effective diameter. The bearing 
area of tho bead or nut will be to the cross section as 5 is to 
4, 5 X 0-7854 d 1 = 4 x 0-7854 (LP— <P) ; therefore & = 
2 '25 <F, and I) = y/ 2.25 X d =s 1-139 d. 

To ensure the fitting of bolts to boles it is necessary 
that the bolts should be accurately turned, and tho holes 
drilled, or broached out if previously punched, in a drilling 
or broaching machine, hand -broaching must not be per- 
mitted, for it is impossible for it to give true work. If there 
is longitudinal stress upon the bolts especial care must be 
used in examining the threads, for upon the solidity of these 
depends the safety of tho work. If the thread is worked 
up in dies it will be partly cut and partly squeezed up, and 
not have one-fourth its normal strength, and all bolts and 
nuts which do not show cleanly-cut threads should be con- 
demned, if required for use under longitudinal 
though if the stress on the bolt is shearing, a fairly good 
thread should be insisted upon. 

In the matter of screwing up nuts there is a tendency to 
err in screwing them up too tightly and so putting 
reasonable initial stress upon the bolts, for, with even a 
short spanner, an enormous multiplication of force 
direction of tho axis of the bolt may with slow threaded 
bolts come into action. 

I have known one instance of this which was very 
striking — in more senses than one — a cast-iron bridge on a 
northern railway was about to bo tested by passing over it 
a train of very heavy locomotives, weighing with their 
tenders about eighty tons : the bolts were of large diameter, 
and a zealous but ignorant inspector, thinking that the 



: 



Joints and connections. 109 



lighter tiie nuts were screwed up the firmer would be the 
bridge, took along spanner, and threw his weight upon its 
end to bring the nuts "well homo " as ho termed it; he 
weighed about sixteen stones; when the load came on the 
bridge several bolt heads burst off, to the danger of those in 
the neighbourhood. 

Ail that is necessary in the tightening up of nuts upon 
holts is to bring the surfaces of the parts joined into close 
Mid firm contact, and if there is any danger of the nut 
shifting, by vibrations due to heavy loads, the end of the 
holt may be lightly riveted over it. 

The connections of the different parts of girdars is a most 
important matter, distinct from those connections which are 
rendered necessary by tho impossibility or inconvenience of 
obtaining plates and bars exceeding certain lengths. After 
a certain length is reached for any given section of plate, 
or bar, its cost is increased, and not only this but the cost 
of labour in handling a heavy piece of metal is greater 
often, than that which would he incurred in dealing with 
two pieces of half the weight each ; but the matter which 
now comes under consideration is the connection of the web 
of a plate-girdor with the Hanges through the main angle- 
irons. 

Taking any point in either flange, in a girder of moderate 
size, we find the flange joined to its angle-irons by two 
rivets in a line transverse to tho length of the flange, there- 
fore there are two rivet areas in shear, and corresponding 
to these the two angle-irons have ono rivet connecting them 
with the web and each other ; this rivet is in doublo shear, 
and therefore equal to the two rivets which connect the 
main angle-irons with the flanges. 

As the stress upon the flanges oi a. pAaAs-^tAOT '■miem&srs. 
gndu&lly from the points of support 16 toe, wsoVk> <A "8°* 
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span— under a uniformly distributed load — the rivets 
it up from the web bit by bit, and the angle-irons pass 
in the same way to the flanges. 

Now it is not sufficient that the total of the seetii 
areas of the rivets between one point of support and the 
centre of the span shall be sufficient to transmit the whole 
stress accruing at that point, because the increase of stress 
is much more rapid near the points of support than farther 
on towards the centre as is curve of moments of stress : 
each pair of rivets joining the main angle-irons to the 
flanges must pick up the stress accruing between them and 
the pair of rivets next behind them ; the same observation 
also applies to the single rivet, in double shear, connecting 
the web with the main angle-irons. 

I will take as an example a girder 100 feet span, carrying 
a uniformly distributed load of 1'5 tons per lineal foot of 
span. Its depth is assumed to be 8 feet, and the proposed 
pitch of rivets 4 inches. Now let the first pair of rivets bo 
immediately over the point of support, where horizontal 
stress ceases, then the next pair of rivets will have to pick 
up the stress from the first web rivet, which, as the angle- 
iron rivet3 aro almost invariably zigzagged, will be 2 
inches from the point of support. 

The horizontal stress at this point will be found by the 
ordinary formula, making z s= 2 inches = 0-166 feet— 
then 

, a?_ K.l.x _ 1-5 X (0-166)' _ 1-5 X 100 X 0-166 ' 
d 2d 2x8 2x8 

= 1-547 tons. 

At a safe shearing stress of 4 tons per sectional square 
:h the resistance oi the two sections of shear in a j -inch 
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rivet will be 0*44 square inches X 2 shearing sections 
X 4 tons = 3*52 tons, so there is ample strength here. 

I will now take the stress at the next rivet, and find the 
increment to be taken up by it ; the value of z will be 
6 inches = 0*5 foot, and 

wx* t0.J.s_l-5x(O-5)* 1-5x100x0*5 
-M~-2d 21T8 " 21T8 =*•««* tons; 

The increment to be picked up by this rivet is 4664 — 
1*547 = 3-117 tons, which is well within the 352 tons 
resistance of the rivet to shearing. 

I will take One point at the next rivet to show that the 
increment of stress will not increase as we progress along 
the girder ; x will now be 10 inches = 0*833 foot, and 

tog* _ w . 1. x __ 1'5 X (0-833) 2 _ 1'5 x 100 X 0833 
2d 2d 2x8 2x8 

= 7-748 tons. 

So the increment to be picked up by the rivet will bo 
7*748 — 4-664 = 3-084. tons, which is smaller than that 
*hich accrued to the previous rivet. 
There is another source of stress upon the rivets holding 
flange-plates together which must be considered, when 
flanges consist of two or more tiers of plates. As the 
plate3 farthest from the neutral axis of the girder carry the 
heaviest stress per sectional square inch, it is obvious that, 
hj* their elastic resistances, they will tend to slide upon 
those next beneath them, and in so doing will bring shear- 
ing stress upon the rivets holding these plates together, the 
intensity of the stress being equal to the difference of stress 
upon two contiguous plates. To take an extreme case: 
let the girder be 12 inches deep over all, and let each flange 
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consist of two plates 12 inches wide and i inch thick each, 
then the centre* of the thicknesses of these plates will be 
respectively 6 "626 inches and 4875 inches from the neutral 
axis ; so if the outer plate is under a stress of 5 tons per 
sectional square inch, the total stress upon it will lie — 
deducting the loss by rivet-holes — (12 — 1*5) x 075 x 5 
= 39-375 tons ; and the stress on the inner plate will be 

= 39375 x |^|-= 34-125 tons. The difference is 39375 
— 31*125 = 5'25 tons to be carried by each pair of rivets. 
To carry this two J-inch rivets would he insufficient, but 
two extra rows outside the angle-irons and zigzagged with 
the inner rows may be added ; the resistance of the four 
rivets would be 7-04 tons. 

Where joints occur in the web-plates the shearing stresses 
at those [mints must be taken up by cover-plates, or by 
toe-iron stiffencrs, which act also as covers to the web-plates ; 
if these will not accommodate a sufficient number of rivets, 
cover-plates of greater width must bo used between them 
and the web-plates. The shearing stress at any section of 
the web is equal to the load per lineal foot of span multi- 
plied by the distance of that section in feet from the centra 
of the span. The web-plates will have their lengths verticaL 
in a girder as deep as 8 feet, and would be about 4 feet inra- 
width, so if there is a 2-foet bearing on the supports at eacfc» 
end of the span, the first web joint will be 2 feet from th»E3 
edge of the support, and therefore 48 feet from the ccntro 
of the span. The shearing stress on this section will there- 
fore be equal to 48 feet x 1"5 tons = 72 tons, which £»-* 
4 tons per sectional square inch will require a total rive* 
area of 72 -j- 4 = 18 square inches. If the rivets ar« 

inch in diameter tho sectional area is 0'44 square inches 
therefore the number of rivet sections necessary will be 
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IS -j* 0*44 = 41, on each aids of the joint. As each rivet 
is in double shear, 21 rivets will be required on each side 
of the web joint. The height — or length — of cover-plate 
can only be taken between the main angle-irons, which 
would not he less than 4 inches x 4 inches for a girder of 
this span, thus cutting down the length of web cover to 
8 feet, less 8 inches = 7 feet 4 inches = 88 inches. If the 
rivets are set out for 4-inch pitch the number will be 88 ~- 
4 = 22 rivets, which will give just what is wanted. As the 
centre of tha span is approached the shearing stress falls off, 
bat the number of rivets would not be reduced, for to 
ensure solid work with light plate -girders, the rivet pitch 
should not exceed 4 inches when J-inch rivets are used ; 
with heavier plates and angle-irons using £-inch or 1-inch 
rivets, the pitches may conveniently be increased to 5 and 



CHAPTER VI. 

DEFLECTION. 

The deflections of girders can, as a rule, be only approxi- 
mately calculated, as the modulus of elasticity of the 
material to be used is not specified, and also the manu- 
facture will give wide differences ; however, assuming the 
workmanship to be good, formulas may be found for the 
probable deflection. 

Fig. 56 shows a diagram of a deflected girder A B, 
of which a b c is the flange, and g f h the bottom flange. 
Those flanges are taken as designed to suit the varia- 
tions of stress from a uniformly distributed load, and there- 
fore under a constant stress per sectional square inch 
throughout their lengths. Under these conditions the curve 
of deflection will be circular. Let e be the centre of the 
arc of deflection, and from this point draw the radii eg, eh, 
to the points where the girder rests upon its supports, 
which are assumed to be at the same level. Join a e, and 
from the centre e let fall the perpendicular line ef, cutting a e 
in the point d. 

Let J 5= a 6e = the length of the girder ; d=hf = depth 
of the girder ; JI = ea = radius of curvature ; D = deflec- 
tion at centre = i b ; L — difference in length of flanges 
r deflection = sum of the compression, of the top flant 
extension of the bottom flange. 
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The deflection being very small in comparison with 
the radius of curvature, it may be assumed that iezn 
ae~B; and acz=abc=zl. Then (Euclid, prop. 35, 
Book III.)) because if any two right lines contained in a 
circle intersect one another, the rectangles formed by the 
segments of such lines are equal ; and the diameter 2 B is 
intersected at the point i by the chord a e; therefore, 

2 B x D = ad x dc=-r 

4 

because a d = d c =^, and ( -^ J = t ; whence D = ^-» 

Then by the properties of similar triangles ; 

B : d ::l : L, 

which we also know to be true, because the circumferences 
of circles are in direct ratio to their radii ; wherefore 

(B x d) : gfh : : B :abc, \ 
but gfh=zabcxL; and B X d : abc + L:: Babe. 

Whence, as a b c is taken equal to Z, we find in either case 
BL = dL therefore 

V 

B = -jr. But D = g-g ; therefore B = 37>==~£> m ^ 

L.l 



D = 



Sd 



which is the formula for the deflection of the girder at the 
centre of the span. 

In a flanged girder uniformly loaded, and with uniform 
stress per square inch, the same on both flanges, let s = the 
stress per sectional square inch ; a = the area of one flange 
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in square inches ; W = the uniformly distributed load ; and 

E = the modulus of elasticity in tons. 

The shortening of one flange and extension of the 
other will be equal to the length of flange — which is in 
stress all along the span := / — multiplied liy ,S' and divided 
by E, so, adding the compression and extension together, 
we find, 

therefore, 



But the stress on either flange at the centre of the span, 
under a uniformly distributed load is 



W.l 
Sd 


= 


s x a; 


therefore 
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« modulus of elasticity determined from the effect of 
oaverse stress upon different sections of metal is shown 
m tons per sectional square inch in the following table — 



Wi 



Mot/clds op Elasticity. 
n rectangular bars— 1 brand . E = 



round and square tubci 
I girders 
Wronght-iron mlled floor beams 
Single webbed plate-girders (iioi 
Tubular plate-girders (iron) 
ray tubulnr bridge (iron) 

''2 tons per square in< 
« rtrength) . . 




„ = 8,372 
= 12,000 * 
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It is almost startling to notice the variation of theBe 
factors with different forms, and those for rolled-iron floor 
beams are only inserted to illustrate this, as they are useless 
for practical purposes. The 6,39 1 is the minimum of a large 
number of railway bridge plate-girders calculated by my- 
self, and for that class of work I have been accustomed to 
use 6,100 tons in estimating deflections. 

For solid wrought iron of the quality used in the girders 
referred to 11,125 tons is given as the value of E, so if we 
assume that in steel bridges this factor is deteriorated by 
being riveted up in the same ratio as wrought iron work ; 
then the modulus of elasticity for built up steel plate- 
girders will be — 

6400 



I will take as an example, a plate-girder 80 feet span : 
7 feet 6 inches deep ; the sectional area of one flange = a 
square inches at the centre =z 60 square inches ; and the 
uniformly distributed load 2-25 tons per lineal foot of span. 
Tho total load W~ 2-25 x 80 = 160 tons ; then- 



D- 



W.V 160 x (80) 3 

32 d» .E.a 32 X (7'5) J x 6400 X 60 
= 0-118 foot = 1-416 inches. 






In order then, that under a maximum load the girder 
shall not deflect below the horizontal line joining its ends, 
it should be built with a camber of 14 inches at the centre 
— common practice allows 1 inch of camber for every 40 
feet of span. 

We must now consider the deflection of girders which 
have a uniform sectional area throughout the length, then 
the Kt-TAHH per sectional square inch will vary, and the 
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imte of shortening and extension of the material will be 
different at different points in the span. 

Let 7=the moment of inertia of the section of the 
gilder, then the moment of resistance is — 

M =l*i j =:ixaxi Thereforea = y 
a a* 

replacing a by this value in the equation for D> we get, 



Z2d % E 21 64 £1 

When, however, the section is constant throughout the 
length, the deflection will not be in a circle, but in a parabolic 
arc, and therefore greater in proportion to the length. As the 
stress on the girder varies as the ordinates of a parabola, the 
mean stress will be two-thirds of the stress at the centre, 
and the difference in length of the upper and lower surfaces 
will also be less in the same proportion, and s being the 
stress at the centre 



then, 



and, 



r _2 2s. I _4s.i 
~3 E ~ 3E 

rv L.l _ is^l I _ S.l 



8c* 3JS Sd Gd.E 



Sda UdE 48d*Ea 



2 I 
Replacing a by its value — -^ we get 



48 d % E 2 I 96 E 1 , 
which must be further corrected for the different form of 
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the 1. 1 try-..' of de&oction as there is not a constant radius. 
The equations to the lengths of the different curves in 
question can be found in any text book on conic sections. 

The corrected expressions for different distributions of 
loads, when the section of the beam is the same throughout 
its length, are here summarized — 

For a cantilever fixed at one end and loaded at the other 



For a cantilever fixed at one end and uniformly loaded, 



For a beam supported at both ends and loaded ii 

n _ if' 



For a beam supported at both ends and uniformly loader 



78.8 £.1. 

For girders with triangular webs, a different course will 
he followed. In this form the flange sections can be more 
closely adjusted to the stresses to which they are subject, 
than is practicable with the flanges of plate-girders, be- 
cause the stress is constant for the length of each bay, 
and therefore the exact compression, or extension, can be 
determined for each length, and these extensions and com- 
pressions being added together, the difference of lengths of 
the flanges is found. 

The centre lines of the flanges in each bay will for 
series of chords to the curve of deflection, so their i 



* 
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sections will be points in the curve of deflection, which, in 
this case, will be a circular arc; therefore the deflection 
at the centre of the span will be found from the expression, 

The formulae for deflection are in some cases of great use 
in determining relative deflections in girders which are com- 
bined in such a way that one or two shall assist a series of 
others by distributing aload which would come upon one only 
of the series, if no auxiliary girders were used. If all the 
girders in the combination are made from one and the same 
parcel of iron or steel, it is to be assumed that all the girders, 
if the workmanship is of the same quality and description 
throughout, will have the same modulus of elasticity ; it is 
then an easy matter to so proportion the sections that the 
stress per sectional square inch shall be practically uniform 
throughout the work. 

In measuring the deflections of bridges and bridge girders, 
very great care is necessary in order to obtain accurate 
results; it may seem a very simple matter at first sight, but 
it is not so in reality. 

There are two methods commonly used for reading the 
deflections ; one by a level and staff as in ordinary levelling; 
the other by having two rods socketed together so that one 
can slide upon the other, these being placed vertically under 
the girder to be tested, and slid apart until the upper 
end touches the under side of the girder, while the lower 
one rests on the ground beneath ; a fine pencil line is drawn 
on the lower rod and against the bottom of the upper one, 
the test load is then run on to the bridge, this depresses the 
upper rod, and another fine pencil line shows the altered 
position of the upper rod — the distance between the two 
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pencil lines is the deflection of the girder. Now, after 
the rods are set, those holding them must not alter their 
positions about, or they may cause a depression or a rise 
of ground, wliich would vitiate the reading, and if the 
ground is soft a large stone should be placed to receive the 
end of the lower rod. 

Whichever method is used it must be remembered that the 
abutments themselves yield under a load, so the subsidence 
at the abutments must be taken simultaneously with that 
at the centre of the span, and deducted from it to give 
the deflection of the girder. The deflection of the cross 
girders can be found at the same time by having the rods 
under them, and deducting the drop of the main girder 
from that shown by these rods. 

In testing girders prior to erection, the deflections are 
taken for stationary loads only, and then the deflections at 
regular intervals along the span are measured, and the curve 
of deflection plotted to Bhow whether it is uniform, for 
any jerk, so to speak, indicates a local dofect in the work- 
manship. 




CHAPTER VII. 

THE PREPARATION OF DRAWINGS. 

To ensure the successful and economical execution of any 
bridge — or for that matter any other work — it is absolutely 
necessary that the engineer to whom such work is entrusted 
should be thoroughly conversant with theoretical calcula- 
tions, with details of construction, and with processes of 
manufacture. 

The engineer referred to will not necessarily be the chief 
engineer of, say, a railway, one whose time is occupied by 
general direction and supervision of all the departments 
within his scope ;but rather the head of the drawing-office 
attached to the bridge department. The chief draughts- 
man in a bridge and girder yard requires all the same quali- 
fications, as very often the work of nominal engineers is 
designed by the staff of a contractor. 

Now, as I have said, these two men, with the same know- 
ledge and business aptitude, occupy positions widely dif- 
ferent, and it may be no loss of time to point out in what 
*ay their duties diverge, for it often happens that one man 
at different times alternates in the two positions ; this year 
be may be assistant manager and chief draughtsman in an 
Von wprks, and five years hence he may be senior assistant 
to a civil engineer, or may be acting as designer and prac- 
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tical constructor to a number of civil engineers, whose 
duties leave them no time for personal supervision of de- 
signs and detailed drawings. The engineer who is acting 
for the purchasers will seek in his designs to secure the best 
work at a fair cost, he will consider labour as well as ma- 
terial, and will study to reduce the weight of the latter so 
long as the saving thus effected will not be outweighed by 
extra cost of labour; and he will so arrange that the 
strengths he specifies for his materials are obtained. 

The engineer to a manufacturer must look to the kind o 
work which pays best, when he has a chance of submittinj 
designs to the purchaser, and this often occurs in c 
tions ; a civil engineer with a good practice would consid 
it infra dig. to enter in competition ; but with contracto 
it is mere business, and — unless the competition ii 
cloak to cover a piece of pre-arranged jobbery — 
cleverest or most experienced man will win it. 

From the manufacturers' point of view much must de- 
pend upon the plant at his disposal, the extent and variet 
of which will determine the relative cost of labour ; so t' 
where in ono yard it would pay to use the best materii 
and save weight by the use of adequate machinery, 
another it may be necessary to use more material becati 
the plant is deficient, and hand labour necessary for mai 
operations which in the better-equipped works are i 
cheaply executed by machinery. 

In dealing with drawiDg-office work I shall indicate t 
course to be pursued to ensure satisfactory results, i 
not only that, but steady and undisturbed progress in t 
workshops. 

It is assumed that the engineer has, or takes care 1 
obtain, fidl particulars of the work to be designed : 
these, he will first make his calculations, commencing wh< 
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the work will finish ; that is, when the permanent work is 
complete, and is supporting a maximum load. 

The moving or useful load is the first taken in this order, 
then comes the weight of the road material and floor cover- 
ing, and these together give the load upon the floor girders 
of the bridge ; these, having been calculated, their weight 
is added, and thus the load found upon the main girders. 

In dealing with this part of our work, I think it advis- 
able to mention some methods of office routine, which I 
have found not only convenient at the time, but serviceable 
afterwards ; and one is the keeping of a calculation book 
for each large work dealt with. 

If any question of strength should at some subsequent 
time be raised, a reference to such a calculation book will 
show what data were supplied, from which to design the 
bridge, and if there is any error it will readily be seen how 
it has arisen ; if, however, in the intervening time there has 
been a change of conditions, this is another matter alto- 
gether, and one of great importance, as it shows that a 
bridge which has a good margin of safety now, may not be 
in the same position five years hence. 

This remark applies to both railway and road bridges, for 
the tendency has been, and is, to increase in the weight of 
railway rolling stock, and roadway bridges may not only 
have to carry increasing loads in traction engines, road- 
rollers, and steam ploughs, but also in the near future heavy 
motor cars, which, whether they are driven by oil or steam- 
engines, or electric motors driven from storage cells, must 
be much heavier than the ordinary vehicular traffic of 
to-day, and in many cases the loads will be more concen- 
trated. 

I mention these matters to show the necessity of close 
inquiry into the possible loads that may come upon a bridge, 
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so that nothing may be overlooked in calculating the 
sections of its component parts. 

All the preliminary questions having been satisfactorily 
answered, the engineer can sit down and design his work in 
comfort, free from the worry of doubt. The method of 
working out the calculations will necessarily vary according 
to the proclivities of different designers ; some will keep 
closely to simple algebraical calculations, while othere may 
use the graphic methods wherever they are applicable. Any 
stress which can be determined by the parallelogram of 
forces may also be found by the principle of "moments," and 
every student should make himself familiar with both 
processes, for then, in after life, if he has no reliable 
coadjutor to check his calculations, he can assure himself of 
his own accuracy by applying first one method and then 
the other, independently to each case ; if the results agree 
he will be certain that bis work is accurate. It is very 
possible for any man to make the same mistake twice in 
working out one and the same set of figures, unless they 
can he displaced, as in the multiplication of several factors, 
and this has led to the notion which many people hold, thi 
a man cannot check his own work. 

If a cheok by an assistant ia to be relied upon, he mm 
bo directed to work out the calculations independently, ! 
not have the figures of the first calculator before him, 
do not for a moment impute dishonesty in this matter, 1 
some are apt to pass the figures before them as accurate 
without making the calculations completely over again, 
the strossos upon the component parts of a triangular-webbt 
"UiVdnr uro first determined by the parallelogram of forces, 
Jt ithon choked by the principle of moments, perfect a 
j fu ti»> ko placed in the results, assuming, of coursi 
nW w -]jj|.(fl , oo. In the case of a plate-girder the stress a 



THE PREPARATION OF DRAWINGS. 

the centre of the span can be checked by working it out in 
figures by the two formulas 



- ; and 



Hit 



After the central stress is determined the cutting down of 
the plates may be calculated and a side elevation of the 
flange drawn from the formulas already given, and the 
accuracy of this, tested by describing a parabola j)assing 
through two points on the inside of the inner tier of plates, 
one of each immediately over the point of support, 
through a point in the outer surface of the outside plate at 
the centre of the span : if this parabolic arc is enclosed by 
the profile of the plates, their distribution is correct 

These methods of checking one's own work are very 
valuable, because they relievo the responsible designer from 
the anxiety which preys upon him when his assistants do 
not take any interest in the work, for, as in such cases he 
cannot rest satisfied until be has re-checkod the calculations, 
he will lose more time than if he dismissed his assistant and 
relied solely upon himself. 

After having entered in the " calculation book " the data 
applied, there will follow the calculations for each girder, 
with a sketch of its cross-section and of its mode of connec- 
tion with the girder upon which it rests, or to which it if 
suspended, with the proper number of rivets shown in 
each joint, and where joint-plates are used, as is often done 
in triangular- webbed girders, the shapes and sizes of these 
should be also entered in the calculation book. 

The next step is to make the working drawings, and 
the preparation of these every care is to be taken tl 
nothing is left obscure, put every dimension an 
spacing upon the details, and leave nothing to be sea 
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let the dimensions put on the drawings bo calculated, not 
scaled in the office, except when full-sized details are 
supplied ; which, however, should not bo necessary if the 
drawings are made to a scale sufficiently large to allow room 
for all the dimensions to be legibly written on them. 

An absolute agreement between the drawings and the 
specification must also be ensured, for any difference, real 
or apparent, between them will lead at least to considerable 
delay, for the contractor will not proceed until he has learnt 
from the engineer which ia right, and matters of this sort 
are not always easily settled by correspondence. As a 
genoral rule it is best to confino the specification to qualities 
of materials and workmanship, and let all the dimensions be 
on the drawings only, except the title dimensions of span, 
widthj and angle of obliquity if the bridge is not square to 
the road, river, or railway over which it is to be built ; 
then there can be no clashing in this respect. 

The scales to which the contract drawings are to bo made 
will necessarily vary with the size of the structure to be 
erected ; for elevations and plans of bridges up to about 
200 feet span \ inch to a foot is a fair size j the cross 
section of the bridge should be £ inch to the foot, and the 
details 1^ inch to the foot. Sections should be shown of all 
structural parts, and especially where joints occur, and 
where there is a connection of two members at an angle to 
each other — as, for instance, a cross girder with a main 
girder — the mode of making the joint may be^ more clearly 
shown in isomctrical perspective, than by the flat plan, 
section, and elevation. The distribution of the flange- 
plates may be clearly shown on a general elevation of a 
girder, by drawing them to a distorted scale, that is, while 
keeping the lengths to the normal scale of the drawing, 
making the thicknesses sufficient to allow room for the sue 
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of each plate to be written on. This is shown in Fig. 57 ; 
ab shows the inner tiers of plates in the top and bottom 
flanges ; e d the next tier — in this case there are only two 
tiers of plates — and ef is the cover-plate to the joints kk 
The flanges are shown removed a little from the plate-web 
gh, which, with the main angle-irons and the stiffeners i i, 
&&, is drawn to a normal scale. 

In all the drawings, and especially in the details, accuracy 
of form should be studied and adhered to. The drawings 
given to the workmen are more easily read by them if the 
sections are shown as they really are, than if they are 
slovenly in outline or inaccurate in profile. In Fig. 58 are 
shown some common sections in constant use in bridge 
work. The full lines show the actual sections as they are 
rolled, and the dotted lines show them as they are some- 
times drawn by inexperienced draughtsmen. A is the cross 
section of an unequal-sided angle-bar ; B that of a tee-bar \ 
Cthat of a channel-bar ; and D that of a rolled girder. All 
these have a taper or " draught " to enable them to leave 
the rolls easily, as well as to ensure a uniform solidity 
throughout the section. Further, it may be observed that 
if the limbs of these sections were rolled parallel with sharp 
re-entering angles, the " roots " at a would be weakened, a 
most serious matter in angle-irons which connect together 
plate3 at right angles to each other, and equally so with 
channel-bars when used as webs and angle-bars combined in 
compound girders. The rolled girder D could not be 
expected to leave the rolls without the " draught " shown 
on its flanges. 

In scheduling such bars for ordering from the mills — and 
this is a drawing-office duty — a consistent system must be 
followed. Tee-bars are specified with the table dimension 
first Thus, say, No. 18 tee-bars 6" x 3" x 4' 0" long ; if 

K 
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this were written 3" x 6" for the section, it would mean 
that the table is 3" wide and the web 6" high, and, as both 
forms are in constant use, an error might easily be made 
here. The safest way is to put sketches with figured 
dimensions on the margins of the schedules. It does not 
matter in ordinary angle-bars from the rolls which dimen- 
sion comes first, but — I suppose from association of ideas — 
I always put the size of the horizontal limb first, that in 
the figure would be 5" x 3" ; but if it were intended to be 
used with the short limb horizontal it would appear in the 
list as 3'' x 5". When it is considered that these lists are 
used for reference in the drawing-office, the convenience of 
such a practice becomes self-evident. I have omitted the 
thickness in the above examples for a reason I will now 
show. The bars can be ordered by thickness, or by the 
weight per foot ; when thickness is specified, that will be 
mean thickness. Thus an angle-steel may be specified as 
5* x 3" x i" thick ; or as 5" X 3' by 12*75 lbs. per foot 
ran; a tee-steel as 6" X 3" X i" thick, or as 6" x 3" x 14*45 
lbs. per foot run, and it is safest to use the weight in 
specifying, and to mark it on the drawings. We know the 
sectional area required, and from this can calculate the 
weight per lineal foot. The rolls are adjustable, so there is 
no difficulty in getting very nearly the weight specified. 
Some rolling margin must be allowed to the manufacturers, 
but— except in the rolled-joist trade — this need not be 
large. The channel-bar C might, if steel, be specified as 
8" x 3" x 3" X i" thick, or 8" x 3" x 3" by 22 lbs. per 
foot. 

In rolled- joist lists the heights are specified first and the 
section fixed by the weight per lineal foot ; thus the joist 
D might be 8" X 4" X 19 lbs. per foot, or 8" x 4" x 25 lbs. 
per foot, as both sections are in the atock \\&ta. Tha&e 



Iii2 IRON AND STEEL BRIDGES AND VIADUCTS. 

joists are principally used for builders' work, l>ut may occa- 
sionally be found in bridge work ; as there is not much to 
be said about them, what there is may be said here. vPe 
have two markets to choose from, the English and the 
foreign, the latter being Belgian and German. Where 
rolled joists are used it ie cheaper to use English, as the 
strength is greater in proportion to weight than is the 
English price to the foreign. A comparison between 
two rolled joists, one English and the other foreign, will 
show this. In choosing sections we are tied to those 
rolled by the makers, so it is useless to discuss whether 
they are well or ill-designed ; they must be considered as 
they are. For convenience of calculation the spans will be 
taken as ten feet, and the strengths taken from the pub- 
lished lists of the merchants and manufacturers. Now, if 
two rolled joists are made from the same charge of metal, 
and their proportions are exactly similar, their strengths 
will be in exact proportion to the weights per foot run, so 
that the quotients found by dividing the loads by the 
weights of the girders would be equal ; from this it follows 
that — the same factor of safety being taken in both cases — 
by dividing the safe loads on joists by their weights per 
foot run, we find a series of critical numbers which give 
the relative values of the joists, they show the comparative 
efficiencies per pound of weight per foot of length. Taking 
a 12-inch by 6-inch section of each make, and 3 as the 
factor of safety, the English has a weight of 54 lbs. per 
foot, with a carrying strength of 43'84 tons ; the critical 
number is 43 , 84-t-54 = 0'811. The foreign section has a 
weight of 45 lbs. per foot, with a earning strength of 
22 tons ; the critical number will therefore he for this one 
22 -=- 45 = 0-488. In both cases the material is steel. In 
this case, if the foreign material is worth £5 per ton, the 
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English is worth £8 6s. Other examples show similar 
results. As there is nothing approaching this difference in 
price on the actual market, it follows that although foreign 
steel can he delivered in our own manufacturing centres at 
a lower price than that at which we can produce it on the 
spot, yet the quality of the English steel joists is so much 
superior, that it is more economical to use them than the 
cheaper ones in price per ton. It is only fair to mention 
that in the very light joists the advantage is not quite so 
great; with a section of 4J inches hy 1$ inches the relative 
values are £5 and £7 5s. per ton. 

It will have been gathered by my readers from the pre- 
ceding matter that when I speak of a draughtsman, I mean 
a man who understands his work and can design it without 
instruction, and not a person who has only learnt enough 
geometrical drawing to put lines on paper when he is told 
where to put them. The term engineer-draughtsman is 
useless. A man is an engineer or he is not, and " engineer " 
covers the other term in a bridge-designer's office. 

In regard to the calculations required in the drawing- 
office, the course pursued will depend entirely upon the 
education of the draughtsman and his own studies. If he 
has mastered the higher stages of mathematics, his work 
will be so much the easier and more interesting ; whether 
this class is increasing really it is difficult to say, so many 
students merely " cram " for examinations, and lose the 
hastily-snatched accomplishments in a year or two. I 
think there can be no doubt that the most practically 
Bolid mathematician for engineering work is he who, 
while following the constructive processes in the shops, 
occupies his leisure with the study of mathematics in 
their application to his work, and also the physical sciences 
which are allied to engineering. 



IRON AND STKKL IIUILJGES AMI VIADUCTS, 

My endeavour lias always been to reduce the calcula- 
tions to the simplest form consistent with the attainment 
of logical conclusions ; thus, in treating of the theory of 
the triangular and lattice -webbed girders, I use the rela- 
tions of the actual lengths of the bars to each other in 
place of the trigonometrical equivalents affected by more 
academical writers, and avoid the introduction of the in- 
finitesimal calculus by geometrical investigations which 
reach the same end, and are much easier to understand. 
I wish particularly to help those who are pursuing their 
own studies unaided. 

In the calculation of dimensions the moat frequently used 
formulas are those applying to right-angled triangles 
(Euclid, book i., prop. 47), in which the sum of the 
squares on the sides containing the light angle is equal to 
that of hypothenuse which is opposite to it. For example, 
let the length of a bracing bur which joins the opposite 
angles of a rectangular bay in a bridge floor be required. 
All dimensions are taken to centre lines in planning, and 
any shortening of bars, from their intersections are calcu- 
lated afterwards. Let the width of the bridge from centre 
to centre of main girders be 17 feet, and the width of bay 
13 feet, measured parallel to the main girders ; then the 
right angle is contained between the width of the bridge 
and the length of a hay, and therefore the length of the 
diagonal will be thus found, calling it = L 



tf=(17) a +(12)>,.-.Z= ^/(17)'+{12)' = V«3 
= 20-808 feet = 20 feet 9jV inches. 






Here the point arises, how closely can we approximate to 
true dimensions in actual practice ? The answer is simple, 
it depends upon the price to be paid for the work. We 
certainly ought not to be more than tV of art inch out a 
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where in fitted work, but hero the personality of the work- 
man is a factor; a man who is in the habit of working 
accurately, will always so set out his work without difficulty, 
while one of a slovenly nature will be out by all sorts of 
differences. I have known one manufacturer who hail his 
drawings marked for rivet spacing in joint plates to ^ of an 
inch, but he did not get it in execution. When wo come 
upon a dimension which does not admit of being stated in 
the figures ordinarily used in the shop, if it is alone, we 
must take the nearest to it, or supply a full-sized detail to 
show it, but if it refers to a line of rivets, a number of 
pitches can be taken that will make an even number of 
eighths or sixteenths, that dimension marked, and a note 
put on the drawing, " to be divided into number . . . 
pitches." 

An instance of this sort occurred in connection with a 
large railway bridge over the Thames in London. In order 
to get the necessary camber, the top flange had to be made 
longer than the bottom one, and it was determined to do 
this by making a difference in the rivet pitches throughout 
the length of each girder, having, of course, equal numbers 
of rivets in the top and bottom flanges, in one row. The 
rivets in the top flange are 4 inches pitch, and those in the 
bottom flange 3 - 995 inches pitch. In a 20-foot run on the 
top flange, there would bo GO rivets, and in the bottom 
flange the same number would occur in a length of 19 feet 
11H inches and Vb of an inch. 

Before commencing the calculations of strength the 
factors of safety must be determined, and the quality of 
material to be used. The Board of Trade regulations fixing 
a definite safe stress for iron, and another for steel, both in 
tension and compression, and without regard to the quality 
of the material used, hardly suits the scientific mind, even 
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when it is counter-checked by a limit to deflection in 
relation to span. 

This question of factors of safety requires very careful 
consideration hi connection with the quality of material to 



Adopting tho same working stress in both tension and 
compression, is justified on the assumption, that the 
modulus of elasticity is the same whether the metal is 
extended or compressed, and this would indicate that the 
limit of elasticity, rather than the ultimate strength, should 
guide us in fixing the working stress. We have, however, 
dropped into the habit of applying the factor of safety to 
ultimate strength, and so it must remain at present. 

The making an allowance for vibration ia a mere farce, as 
there are no data upon which to base any figures, and the 
only way in which we can deal witli vibratory deflection is 
to determine whether the extreme deflection corresponds 
to a load which would endanger the structure ; and this 
deflection can only be ascertained after the bridge is com- 
pleted. 

What we have to do is to ascertain the quality of material 
usually obtainable in the neighbourhood of the works to be 
designed, and specify nothing outside of this. In Stafford- 
shire, we may safely specify 22 tons per sectional square 
inch for bridge or girder iron, and farther north, in the 
Cleveland districts, 21 tons for tensioD, and as factor of 
safety, I should use 5 ; giving for the former 4'4 tons as the 
working stress in tension, and for the latter 4'2 tons per 
sectional square inch. Steel is obtainable at strengths 
having a wide range, but for bridge work it should be 
specified not less than 28, or more than 32 tons per sectional 
square inch in tension. In specifying iron, there is no m 
to fix an upper limit, as an excess of tensile strength 



■ 
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that material does not imply increased brittleness ; but the 
mild steel, being of a composite nature, necessitates a more 
exact description. The lower limit, 28 tons per sectional 
square inch, would be taken in the calculations, and the 
working stress would therefore be 28 -r- 5 =5-6 tons per 
sectional square inch. 

In regard to compression, the whole matter turns upon 
the crippling limit of the material, not upon its ultimate 
resistance to absolute crushing, and we are therefore obliged 
to rely upon formulae of a more or less empirical character ; 
those that I give have stood the test of more than 35 years 
practice under my owii observation. 

All the preliminaries being settled, we can now turn to 
the making of the drawings — a simple matter, but one on 
which a few hints may be useful. 

You can never be sure that the drawing boards pro- 
vided in an office to which you are newly introduced are 
true, therefore, unless you have leisure to test this, do not 
use the tee-square on two sides of the board, and as a 
general rule it is better to keep the tee- square for the 
horizontal lines, and use set squares worked upon it for 
the vertical lines ; getting out of square is an infinite 
source of discomfort to the draughtsman, for then his 
drawing will not agree with the calculated dimensions 
marked upon it. 

In a large and well-appointed drawing office, sheets of 
drawing paper will be kept mounted upon the boards ready 
for use, covered over with thin paper until they are 
wanted ; but in smaller establishments the drawing paper 
will usually be taken as required and pinned to a board, no 
one having leisure to damp and mount it. 

The draughtsman has to work on what quality of paper 
is supplied to him, and must suit his pencils to its texture ; 
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for choice, he would have Whatman's papier mounted upon 
brown holland, which is certainly the best for contract 
drawings : but if this is not available the best must be 
made of what is at hand. 

In setting out the centre lines of structures any con- 
structional lines necessary to plot them should not be put 
upon the paper on which the finished drawing is to be 
made. This work should be done upon a sheet of tracing 
paper, and the resulting points pricked through on to the 
drawing paper, so that no rubbing out will be necessary. 
This will apply to lines of camber and the outlines of 
girders with circular or elliptical top flanges, and to suspen- 
sion bridges. 

The positions of the rivets really require to be first 
determined before drawing the elevation of the girder, as 
the exact positions of the plate-joints will depend upon 
this. There must not be a flange-plate joint where the 
centre of a rivet comes, for that would necessitate a half- 
hole, which is no use at all in a tension-flange, and very 
objectionable anywhere. The rivets in the main angle- 
irons will be zigzagged in the two limbs. If there is a 
tee-iron stiffener in the centre of the span, there will be 
two rivets on each side of the centre in the vertical limbs 
of the main angle-bars, and therefore one rivet in the 
centre of the flange-plates ; then the lengths of the plates 
to their joints, measured from the centre, will not be an 
even number of pitches, but will have a half-pitch in the 
length. If there is a plain bay in the centre of the span 
the centre line will fall between two rivets in the fiange- 
plates, and the distances to the first joint on each side of 
the centre will be a number of whole pitches. It will be 
found most convenient to mark the centres of the i 
on the centre lines of the elevation first, and then < 
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in the joints of the various plates, which should in every 
part fall midway between two rows of rivets. 

hi plate girders the setting out of the rivets is a very 
simple matter, but in triangular and lattice- webbed girder 
it is often far from easy. In the latter the shearing stresses, 
which in a plato girder arc distributed over a considerable 
length of flange, are concentrated at certain points, and 
there is often a difficulty in finding room for the necessary 
nnmber of rivets, unless a large joint-plate iB used, which 
in many cases will give the girder a clumsy appearance. 
This may be avoided by using pin connections between the 
web-bars and flanges, but then there is a greater loss of 
sectional area in tlio flange than if rivets are used, and to 
meet this, additional thicknesses of plate are required at 
the joints. Pin connections cannot he conveniently adopted 
unless the flanges are trough-shaped ; or the top flange may 
be trough-shaped and the bottom flange consist of bars, so 
that the connecting pins may be in double shear. 

The length of bearing allowed to the main girders will 
depend upon the load they have to carry and the strength 
of the supporting piers. The load which comes upon the 
bed-plates of the girder may be spread over the substructure 
of the piers by substantial bed-stones. With 8 as a 
factor of safety, Bramlcy Fall sandstone will take 48 tons 
per square foot ; limestone, 60 tons ; Portland oolite, 
33 tons; Derby grit, 25 tons; red Cheshire sandstone, 
17 tons ; and Yorkshire paving, 46 tons ; blue Staffordshire 
brick will carry 17 tons, and ordinary stock brick about 
5 tons. 

These figures serve to determine the size of the 1 
plates ; the areas and thicknesses of the bed-stones must 
be proportioned to the bearing capacities of the sub- 
structures. 
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The main girders may be supported upon rollers or sliding 
plates, but for any span over 30 feet there should be a 
rocking bearing in the centre of the bed-plate, otherwise 
the whole weight will come upon the front edge of the pier 
as soon as the load is sufficient to deflect the girders. 

Parts of the work that are to be turned, planed, or other- 
wise machined, should be indicated on the working draw- 
ings by red lines drawn parallel to the surfaces to be so 
treated, and a note should be made on each sheet of draw- 
ings in explanation thereof. 



CHAPTER VIII. 

PLATE GIRDEB BRIDGES. 

A. plan of a steel plate girder bridge is shown in Fig. 59. 
It is intended to carry a double line of railway and to 
have a clear span of 80 feet, and width between girders 
25 feet. 

The floor consists of cross girders covered with plates 

of light trough flooring ; they are spaced four feet apart 

and are well suited for buckled plates as a covering which 

will also form a very effective lateral bracing to the floor. 

Fig. 60 is a longitudinal section of the bridge, and Fig. 61 

a half-transverse section. A A and B B are the main 

girders ; C C, &c, the cross girders ; and DD, a distributing 

girder. The whole maximum load will be taken as 1^ 

tons per foot of span for each line of railway, so this will 

be the load upon each main girder as there are two main 

girders, and two lines of railway. The maximum load on 

a cross girder will occur when two locomotives are standing 

over it with their heaviest loaded wheels immediately over 

the cross girder; this I shall take as 16 tons per pair of 

driving wheels. The maximum load on one cross girder 

will be 32 tons, and it is so applied that it may be regarded 

as equally distributed. 

The wheel base will span two bays of flooring, so that 
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the alternate cross girders will carry no load, 
weight of the floor, unless a distributing girder 
convey part of the load from the active to the idle gin: 
The distributing girder will act with 8 feet effecti 
and under a central load; it will also put a central 1 
upon the idle cross girder. The main girder ftange- 
for this span will be made 2 feet wide, and the cross 
ends will be fixed to the webs of the main girders by ri 1 
and angle-steel3, as shown in detail in Fig. 62 ; the effeci .- 
span of the cross girders will, therefore, be 27 feet, 
distance from centro to centre of the main girders, 
maximum stress on the loaded girder when part of 
load is thus picked up at the centre will occur somewh 
between that point and each end of the girder, so th 
will be two maximum moments 

Let I = span of girder = 27 feet ; w — load per lin 
foot ; R ~ reaction at one end point of support 
upward sustaining force at the centre of the girder ; 
moment of stress at any point distant x from the near* 
end support. 

At each end one-half the total load, less one-half 
central force will act; therefore, 

ml 



£«**-£. M = ^± -Sz 



The points of maximum stress must now be determi 
When the moment of maximum stress is reached an< 
about to commence diminishing, we may imagine an i 
definitely small increase of x during which the momei 
remains constant; here then, the increase of the positn 
quantity must equal that of the negative quantity ; let 
- '•— "tie x + h ; h being indefinitely small 
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Jtf = |> + a)' + J(x+a) -^(x + a) 



= »( 3 * + 2hx + h*)+*(x + h)- w 2 l (x + h). 



z, h 2 is so much smaller that it may be neglected ; then 

Ph 
\ the increase of the positive quantity is w h x + -~- ; and 

that of the negative quantity is -5-. Equating these 

, . Ph wlh ., c I . P 

w h x + — - = —rr— : therefore x = , — ^ — 

* . - • 

which is the value of x corresponding to the maximum 
moment of stress. 

It will be seen that every cross girder will act alter- 
nately as an active and an idle girder, we must, therefore, 
ascertain under what circumstances the maximum stress 
1 will accrue, as all the cross-sections will have to be alike. 
Let W = w . I. If the sections are alike the maximum 
moments should be equal, therefore ; 

2\2 2w) 2\2 2w/ 2\2 2w ) 

"4\ r * 2 ""2w/" 4 

whence, 

P. I Wl P*l_ PI 
4 ~ 8 ~"87r- ~ 4~ 

P* P w 

= 4;F 2 — JP = 3/F* 
P = 0-268 W. 



144 IRON AND STEEL BRIDGES AND VIADUCTS. 



I 
i 

I 






I 

i 
i 



kf 



s:z 



----* 



* •* 






^r 






<l> 




"*~>~+*.t*~.t~i^r*~**rs-\~J 



\~\J\J\J(^\s\JKs\^\sV — V^V*^/V^V* <^ «->0 — Or 






•/ 



^ ;<? 




PLATE GIRDER BRIDGES. 



145 



Ths distributing girder must have a deflection equal to 
the difference between the deflections of the active and idlo 
girders to secure this proportion. 

The load on the active girder will be = W - 0'20S W 
~ 0-T3S W; 
and the central deflections will therefore be 



2>, = 0'268 W x 



P 



48 E 1 . 






in which /, represents the effective span of the distributing 
girder, which is the distance between two alternate cross- 
girder centres— 8 feet in the example— and D, = deflection 
of idle girder. 
Tho deflection of the distributing girder will be in this 



D< = 0-732 W X -. 



' ism 






irat applying the formula; for deflection directly to the 
distributing girder we find 



In which /, is the moment of inertia of the distributing 
girder; therefore, as the material is taken of the same 
quality throughout, 
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in the example I = 27 feet ; and l x = 8 feet ; therefore 

j = 0-708 x (~J = 27-217; I x = 00367 I. 

This moment of inertia would be practically unattain- 
able because the size of the girder would not allow proper 
connections to be made with the cross-girder, and we must 
therefore conclude that the distributing girder will take up 
more than the above proportion of the load and transfer it 
as a central load to the idle girder, and this will give the 
maximum stress upon any cross-girder. The maximum 
load picked up from the active girder cannot exceed that 
which would be taken off by an absolutely rigid distribut- j 
ing girder, which would make the deflections of the cross- 
girders equal, then, 

w* p> pp P = . 3125r> 



76-8 if./. ±8 EI — 4&EI> 

Having disposed of this question, we can now proceed 
with the calculation of the section of the cross-girder, 
taking as a central load 32 tons x 0*3125 = 10 tons for 
the live load, to which is to bo added the permanent 
weight of the flooring, ballast, and distributing and cross- 
girders themselves, which is equal on all the cross- 
girders. 

The weight of J-inch buckled plates, including joint- 
strips and rivets, is 12 lbs. per superficial foot; ballast 
1 foot thick, 120 lbs. per superficial foot; permanent way 
400 lbs. per yard of double line. The area of floor carried 
by each cross girder will be 27 feet x 4 feet = 108 square 
feet. 

Let the distributing girder be 9 inches deep with web- 



plates J-i: 
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i I-inch thick, and four angle-steels 3 inches X 3 
inches X i-inch thick to form the ranges. 

A bar of iron 1 inch square and 1 yard long weighs 10 
!la, ami from this fact the weights of iron sections arc easily 
obtained by multiplying the sectional area by 3$ to give 
tlio weight in lbs. per foot. It is evident that a square foot 
of wrought iron will weigh also 10 lbs. for every 1-inch of 
thickness ; mild steel weighs about 2 per cent. more. The 
four angle-steels of the distributing girder will weigh 935 
X i — 37 - 4 lbs. per foot run ; the 9-inch X i-inch web 
7*60 lbs., and 5 per cent, must be allowed for rivet heads ; 
tliis will make the weight of the distributing girder = 
{374 + 7-66} x 105 - 47-31 lbs. per foot run; of 
this there will be 4 feet carried on the centre of each cross- 
girder = 47-31 X 4 = 189-24 lbs., which is bo trifling ifc 
may bo neglected. 

The equally distributed load will be — 

Floorplatca . . 12 lbs. x 108 sq. ft. = 1,2961b*. 
BalluHt . . . 120 ,, x 108 „ = 12,960 „ 
Permanent way . 400 „ x J J- „ = 633 „ 



which is equal to 6'6 tons ; the effect of 10 tons central 
live load is equal to 20 tons equally distributed, so to esti- 
mate the weight of the cross-girder we have for the useful 
load 6-6 + 20 = 26-6 tons. Tho section will be uniform 
throughout, and the depth of ihe cross -girders between the 
flange -pi ate 3, 2 feet 3 inches — one-twelfth of the span ; 
the factor for the weight of the cross-girder from table 
(page 81) is 000243, therefore, the weight of tho girder 



I 



= MS x 0-00243 X 27 = l'Ub Urns. 
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The total weight to he provided for will be equivalent to 
a uniformly distributed load of 26-6 + 1-745 = 28-345 
tons. We will see what the most economical depth would 

be ; from the formulas d = \/ ±$t_ s page 88, 

The working stress must now he determined, aud I shall 
use as factor of safety 5, and specify the steel to have a 
tensile strength between 28 and 32 tons per sectional square 
inch, the lower of the two will be taken for calculating 
strengths, and the working stress will therefore be = 28 -j- 
5 = 5-6 tons per sectional square inch. To find the value 
of ( an allowance must bo made for the web-stineners, which 
for girders of this size would be 6 inches x 3 inches x i 
tee-steels on both sides at 4 feet apart, centre to centre. 
The sectional area of two stiffenore will be ™ 2 {6+3 
— J}i = 8"5 square inches, and this averaged along 4 feet 
will give 8-5 -r- 48 inches = 0'177 inch. 

To determine the web area, the load on the active cross- 
girder is to be taken ; live load = 22 tons, and dead load 
6-6 + 1-745 = 8-345 tons, making, together, 8-345 -f 22 
= 30345 tons ; half of this, 15-172 tons, is carried at each 
end of the cross-girder. 

The resistance of steel to shearing stress is four-fifths of 
its tensile resistance, therefore its working stress per sec- 
tional square inch will be — 6 6 x - e = 4-48 tons; there- 
fore the vertical sectional area of the web at each end must 
not be less than 15172 -^ 4-48 = 3'38C square inches. This 
would bo satisfied by a thickness of 3386 ~ 27 inches 
depth = 0125 inch, for solid plate, but there are rivet- 
holes to be deducted where the w eh- plate is riveted to thfl 
vertical and angle-steels. The rivets will be in double shear 
as the angle-steels will be upon both sides of the web, and 
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they will be f inch in diameter, which gives a sectional area 
of 0-44 square inches, or 088 square inch for each rivet in 
double shear; the rivet area must be not less than 3*386 
square inches, therefore the number of rivets required will 
be = 3-386 -f- 0-88 = 4 rivets. This gives a pitch of 
about 7 inches, but in order to make the work more solid 
and give more continuous support to the end edges of the 
web-plates I should use a 4-inch pitch, and that will give 
7 rivets at each end of the web, thus reducing the effec- 
tive height of the web at that place to 27 - 7 X 3 ■ = 
21*75 inches. The web thickness required will then be 
3-386 -f- 21-75 = 0'156 inch. The plates would not be 
made less than a quarter of an inch thick, so that the 
average, including the stiffeners, will be t = 0-25 + 0*177 
= 0*427 inch. The weight of the maximum load per foot 
run iaw = 30-345 -f- 27 = 1*124 tons. Filling in these 
figures in the formulae for economical depth, we get 

/ w.l* / 1*124 x (27)' „,.*«, . 

d = V 48*77: = V 48 x 0-427 X 5-8 = *' 672 fe6t ' 

This is 2 feet 8 inches in depth ; by using this, the ratio of 
span to depth is nearly 9, and the weight of the girder will 
then be 

= 26-6 x 0-00198 X 27 = 1*422 tons. 

The loads from which we must determine the amount of 
stress at the centre are a central live load of 10 tons, and an 
equally distributed load of 6*6 + 1-422 = 8-022 tons. The 
whole moment of stress at the centre will, therefore, be 

10 x I 8-022 x I _ 10 X 27 8*022 x 27 
4 + 8 ~ 4 + 8 

94*574 tons.J 
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Let " — the sectional area of one flange in square inches, 
then the moment oE resistance will bo 

M = s. a. d ~ 5-6 x a X 2-67 = 14-95 a 

As the momenta of stress an.il resistance must be equal, 
thorefore, 

jr=U-95a= 94-574 
And 

a =: -r T T ne = 6'32 square inches. 

The flange area required can be furnished by angle-stwls I 
without requiring any jjlates ; if two angle-steels C inches . 
X 3 inches x ft inch thick are used for the flange, with 
the longer limbs horizontal, these will give an area of 6*75 
square inches. There will be no rivet-holes in the bottom 
flanges, and those in the top flange for the connections with 
the distributing girders will not diminish the resistance 
compression. The floor plates may be riveted to the ti 
angle -steels, or to save thickness of floor they may be carried 
by light angle-steels e e, Fig. 61, riveted on to the web of 
the girder botwocn the stiffeners. 

We are sometimes tied in our heights, so that we cannot 
get room for cross-girders of the proper depth, in which case 
we must make the best of what we can get ; but if the 
girder is shallower it will he proportionately heavier. 

The rivets connecting the distributing 'girder with each 
cross-girder will carry 10 tons, and will be in tension, as the 
bottom flange of tho distributing girder will be riveted to 
the top flange of the ctOBS-girder ; tho rivet area required 
will be 10 tons x 5-G = 1-786 square inches. Tho sectional 
area of a £-inch rivet is 0-0 square inches ; so four of these 
will give a total sectional area of 0-6x4=2-4 square 
inches. 
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The main girders have now to be designed. The live 
load upon one will be 1*5 tons X 80 feet span =120 tons ; 
the area of half the floor, measuring it from centre to 
centre of the maingirders, is = 80 x 13*5 = 1,080 square 
feet. The total superincumbent load on one main girder 
will be— 

floor plates . 12 lbs. X 1,080 sq. ft. = 12,960 lbs. 
Ballast. . 120 „ X 1,080 „ „ =129,600 „ 
Permanent 



way . 


. 400 „ X 27 yds. 
. 1-5 tons X 80 ft. 


= 10,800 „ 


Lire load 


153,360 „ = 68,464 tons. 
= 120,000 „ 

188,464 „ 



The depth of the girder may bo assumed as 8 feet in a trial 
depth, then, as the plates will be proportioned to the vary- 
ing stress, the factor for girder weight per foot will be 
00017, and the dead weight of the girder will be 

= 188-464 X 0-00167 x 80 = 25-176 tons. 

The total load will then be 188-464 + 25-176 = 213-64 

tons. We will now find the proper depth of girder. The 

shearing stress over each supporting pier will be 213*64 -7- 2 

= 106*82 tons, which at a working stress of 4*48 tons per 

sectional square inch, will require 106*82 -f- 4*48 = 24 

square inches nearly. Just over the pier there will be a 

pair of web-stiffeners, and therefore a row of rivets; if 

these are 4 inches pitch there will be 24 of them in the 

vertical height of the web, causing a loss of effective height 

= 24 X i = 18 inches, and the effective height left is 96 — 18 

= 78 inches. The thickness of web required will, therefore, 

be 

= | 4 = 0*3 inch. 
78 
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The commercial thickness would be J inch, and this would 
bo kept throughout the length of the girder. The tee-steel 
stiffeners I should make 6 inches x 4 inches x f inch 
thick, and place them 4 feet apart. Tho sectional area of 
each pair will be 13875 square inches, which, spread over 
48 inches of length, shows an average additional thickness 
= 13-875 -^ 48 = 0-289 ; therefore the effective thickness 
of web, including allowance for stiffeners, will be = 0-375 
+ 0-289 = 0-664 inches. The load per foot run = 213-64 
-~ SO = 2-67 tons = w ; and s =: 5-6 tons. 



1 ~ vwhr. ~ v : 



267 X (BO)* 

iH x 0*664 X 5-6 " 



If wo ran to this height it would necessitate heavier web- 
stiffeners than those taken, and the web itself would be 
preferred of thicker metal ; so for this case we will keep the 
8 foot depth. 

The sectional area at the centre of the span for the bottom 
flange, taken nett, must not be less than 

Wl 213-64 x 80 .__ . , 

87Trf = 8x5-6x8 = * 7 ' 7 S< * Uare mche3 - 

The angle steels used will be 4 inches x 4 inchea x £ 
inch; tho area of the horizontal limbs will bo, deducting 
rivet-holes, 3-125 square inches, leaving — to be made up in 
the plates — 47-7 — 3-125 = 44-575 square inches. There 
will be four rows of J-inch rivets in each flange, and this 
will reduce its effective width by 0*875 x 4 = 3-5 inches, 
leaving 24 — 3-5 = 205 inches of effective width. 
total thickness of the flange at the centre of the span will b 
44-575 -t- 20-5 = 2*174 inches. The same thickness y 
be kept for the plates of the top flange. 
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As this thickness is something more than £ inch, and 
working to sixteenths is too minute for ordinary work of a 
heavy character, I shall make the flanges 2± inches thick, 
the two inner tiers will be i inch thick, and the outer ones 
each finch thick. 

The solid resistance of the steel to compression exceeds 
its tensile strength, but on account of its liability to cripple 
it is better to keep in the top flange, the margin which is 
given by keeping it of the same gross area as the tension 
flange. 

The next step is to see at what points the flange-plates 
can be reduced to suit the diminishing stress. 

The formulae arrived at (page 94) for the length of each 
tier of plates is 



=Vi- 



J» 2.8.A.d 



w 



In which L = the length of the tier of plates, and A = 
the sectional area of the flange beyond the tier under con- 
sideration : for any one case this expression may be con- 
densed, for the present one 






2 X 5-6 x A X 8 
2-67 



6400 - 134-24 A 



The effective sectional area of the bottom flange at the 
centre of the span will be : angle-steels, 3 125 square inches; 
plates, 20-5 x 2-25 = 46125; total, 46-125 + 3125 
= 49*25 square inches. The reduced sectional areas, as 
the plates are stopped, will be : 49-25 — 20*5 x i = 36-44 
square inches ; 36*44 - 205 x|= 23-63 square inches ; 
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and 23*63 — 20*5 X £ = 13*38 square inches ; the inner 
tier of plates runs the whole length of the girders ; the 
lengths of the other tiers, commencing with the outside ones, 
will be : 



Outer tier, L = v^400 — 134-24 x 36*44 = 38*8 feet; 



2nd „ L = ^6400 — 134*24 X 23*63 = 56-8 „ ; 



3rd „ L = ^6400 - 134*24 x 13*38 = 67*8 „ ; 

The next lengths above these that will suit the pitch of 
the rivets will be adopted ; there will be a stiffener at the 
centre of the span, so there will be a rivet on each side of 
the centre, and this will give an even number of pitches to 
the rivets in each tier of plates. 

We must now see what pitch of rivets will suit ; with 
£ inch diameter, 5 inches is suitable as far as workmanship 
is concerned ; with the first pair of rivets 5 inches from 
the bearing, the stress upon them would be 



w 



.tf — w.l.x 2-67 x (0-416)* - 2 67 x 80 x 0*416 



~ 2.d — 2x8 

= 5*52 tons. 

The shearing resistance of two f-inch rivets, is 2 x 0*6 
square inches x 4*48 tons = 5*376 tons • this is not quite 
sufficient, as we do not consider joint friction, therefore, for 
the first few rivets, the pitch may be kept down to 4 inches. 

Next come the cover-plates for the flanges, and these 
will be the same for both top and bottom flanges, so they 
will be calculated for the bottom flange. The effective work- 
ing resistance of one $-inch plate will be 205 x{ X 5*6 
=. 71*747 tons; the rivet area to resist this stress, on each 
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side of the joint* will be 71-747 -r 4*48 = 16 square inches, 
and, therefore, the number of £-inch rivets required will be 
16 ~ 0*6 = 26*6— that is 27 as we cannot have a fraction 
of a rivet, and, in fact* as there are four rows of rivets, this 
will have to be 28, making 7 rivets in each row, and the 
length of each lap of the cover-plate 7x5 inches pitch 
= 35 inches. For tho i plates, tho working resistance will 
be 20*5 x J x 5'6 = 57*4 tons ; tho rivet area to resist 
this will be 57*4 -f- 4*48 = 12*81 squaro inches, and, there- 
fore, the number of rivets required in each lap of cover- 
plate will be 12*81 -f- 0*6 = 21 rivets, which, as there are 
four rows, will become 24, giving to each lap a length of 
6 x 5 = 30 inches. 

The length of the bed-plate and bearing at each end will 
be fixed at 4 feet, then the total length of main girder will 
be 88 feet In iron this would have to be divided into five 
lengths, but in steel it can easily be rolled in three lengths ; 
the next tier and that outside it, can both be in two lengths, 
and the outside tiers in one length. Tho joints in tho 
second and third tiers from the inside can be brought under 
one cover-plate in the centre, and for uniformity, tho three 
laps of cover-plate will be made equal, as shown in Fig. 60. 
' This will make the length of the central cover-plate 
85 inches x3 = 105 inches = 8 feet 9 inches. 

The joints of the inner tiers of plates may be brought 
under the ends of the outer tiers of plates, so that these 
being lengthened, form the cover-plates ; the fact that they 
are thicker than the inner plates does not matter, in fact 
gives a better hold to the rivets ; the length to be added 
will be 2 feet 6 inches at each end. 

There are yet the joint-plates of tho web, and angle-steel 
joints to be disposed of. Over the pier is the heaviest 
stress upon the web, where it amounts to half the total 
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load on the girder, that is IOG'82 tons, and the rivet area 
to take this load will bo 106'82 -j- 4-48 = 24 square inches 
nearly ; therefore, the number of rivet areas required 
= 24 ~ 0-6 = 40. 

These rivets are in double shear, so only 20 will be 
required on each side of the joint. The depth of the web 
being 96 inches, a single row of rivets will be sufficient, 
and the pitch will be 96 -~ 20 = 4'3 inches. The centre 
lines of rivets in the limbs of angle and tee-ban run in the 
centre of the clear transverse width. In a 4 inch x 4 inch 
X J-inch angle-bar, the clear width is 3J inches; therefore, 
the centres of the rivets will bo 1J inches in from the edge, 
and 2j inches from the hack, this will bring the lines of 
rivets connecting the main angle-steels with the web, 
2J inches in from the top and bottom, and the space 
between those must be divided up for 18 rivets, that is, 
into 19 spaces. The tee-steel stiffeners will supply the web- 
covers in this case. In shallow girders which are heavily 
loaded, it is frequently necessary to put wider cover-plates 
on the webs between them and the tee-stiffen era, so that 
there may be room for two or more rows of rivets on each 
side of the joint. 

The tensile resistance of the angle-steel is equal to its nett 
sectional area, multiplied by 5"6 tons. The rivets in the 
angle-steels are zigzag, so only one will be deducted from 
the mean width of the two limbs, leaving the effective 
width 7'5 — 0-875 = 6'625 inches, the tensile strength 
will be 6-625 x i x 5-6 = 18-55 tons, which will require 
in shearing area, 18-55 ~ 4-48 = 4-14 square inches, and 
the number of f-inch rivets to make up for this area is 
4-14 -+-0-6 = 7 rivets; the odd number will suit here, as 
the rivets are not opposite each other ; there will be three 
joint-rivets in one limb, and four in the other, on each 
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side of the joint The rivets in the angle-covers will be in 
single shear. It may be mentioned that angle-bars for covers 
are rolled " round backed," to fit into the roots of the main 
angle-bars. If the edges of the limbs of the angle-covers 
are to lie flush with those of the main angle-bars, they 
should be made thicker in proportion, say 3£ inches x 3£ 
inches x t inch. We will see how this will work out as 
to equality of strength. The nett sectional area of one 
main angle-steel is = 6*625 x J= 3*3125 square inches. 
The nett width of the cover will be 6*5 — 0*875 = 5*625 
inches, and its sectional area 5*625 x J = 3*515 square 
inches — showing a slight margin in favour of the cover- 
angle. The angle-steels can be obtained over 44 feet long, 
so one joint will be all that is absolutely necessary, though, 
for convenience of manufacture, it may be preferred to 
make the main angle-steels in three lengths. 

It is very usual to make the angle-iron joints on each 
side of the web miss each other, "break-joint" as it is 
termed, so that two joints shall not come together ; this is 
illogical if we follow the rule of making the joint as strong 
as the solid metal, for then it should not matter where the 
joints come ; but still, it is advisable in view of possible 
defects in workmanship. 

It is necessary to ensure sufficient horizontal sectional 
area in the stififeners over the piers to resist the load carried 
through them to the bed-plates. The tee-steels on the front 
of the pier have each a sectional area of 4J- square inches, 
8*5 square inches together ; in the length of bearing, there 
will be another pair at 2 feet from the edge of the pier and 
the end angle-irons ; these latter have a gross area of 8 sec- 
tional square inches ; the end-plate cannot be taken as well, 
because any stress upon it must come through the end 
angle-steels. 
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The total area then to resfstfthia "compression is, 

4 Tee-steels — 1 7 square inches 

2 End aDgle-stcels =8 ,, 



25 



>» 



19 It 



The load to be carried is 106*82 tons ; so the stress 
square inch of section will be 106*82" -=- 25 = 4*19 i 
per sectional square inch. As this does not come on 
tops of the stiffeners, but gradually accrues towards tl 
bottoms, the strength is ample. 



CHAPTER IX. 

TRIANGULAR AND LATTICE GIRDER BRIDGES. 

As an example I shall take a triangular- web girder bridge, 
down in elevation at Fig. 62, and in plan at Fig. 63. The 
bridge is assumed to have a clear span of 85 feet, and an 
effective girder span of 90 feet between the points 11 and 21. 
The web is made up by bars which, with the flanges A B 
and CD, form a series of equilateral triangles. The girders 
are each divided into ten triangles, the load is brought on 
to the bottom flanges at the points of connection with the 
Web-bars, so that no transverse stress shall come upon the 
flanges. The bridge is required to carry a single lino of 
railway, and the clear width between the flanges of the 
main girders will be 16 feet. The connections between the 
veb-bars and the flanges of the main girdecs will be made 
by pins, which are more suitable than groups of rivets for 
this purpose, because they do not cut away so much sec- 
tional area in proportion to their strengths, and also they 
allow of deflection in the girders without incurring racking 
stress, which must occur when joint-plates are used to make 
these connections, because in the ordinary course of matters 
the deformation will be attended by changes of the angles of 
the joints — after deflection the girder's elements will still 
he rectilineal, and not curved, as in the plate girder. 
The distances between the apices of the triangles formed 
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by the centre lines of the webs and those of the 
will he 9 feet, and that will also be the distance from 
to centre of the cross-girders c (, &c. This distance 
ranch to be spanned by floor plates or longitudinal sift 
and therefore these rail-bearing girders / / betweei 
cross-girders and the flooring between them, can be 
up with floor-plates, either buckled plates or the- sh 
trough flooring described on page 79, and illustrate 
Fig. 60. *"• 

I shall not, in dealing with the details of this and foj 
ing examples, determine the economical depths of 
girders, the method has been sufficiently explained ir 
previous chapter, and in this I shall use such depths a 
convenient in practice. The floor-girders will be t 
with depth about one-twelfth of the span. The I 
girders are divided into ten bays of 9 feet each ; 
the web-bars are also 9 feet long between centres, 
any apex, say 5, let fall a vertical line 5 g upon the f 
15, 16 of the triangle, then the triangle 5 g 15 i 
right-angled triangle, and 5 g, the depth of the main g 
will be, 



d = y/fj>; 15 -f - {\b;g} 2 — y/& - (4-5) 1 = 7-794 ^ 

Fig. G4 shows a cross section of the bridge, and we ml 
begin by determining the sizes of the floor-girders // a 
e e. The spans of the former will be 9 feet, and the n 
mum stress will occur wheu a locomotive wheel i 
centre of the span, its load being taken as 8 tons. Thd 
will be two kinds of load upon girders /, this central U 
load and the equally distributed load of the flooring, 1 
and permanent way. 
The material to be taken in this example is wro 
m, with a specified tensilo resistance of 22 - 5 tonH p 
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sectional square inch, and factor of safety 4-5, which gives a 
working tcusilir rusistanee of fi tons per sectional square inch 
of iiutt area ; anil 19 tons crippling resistance, which gives 
for compression 4"2 tons per sectional square inch of gross 
area. 

The floor-plates at the sides will be supported upon 
angle-iron riveted to the bottom plates of the main girders. 
The portion of floor carried upon one rail-bearer will be 
balf that between it and the main girder, plus half that 
between it and the other rail-bearer, a total width of 
2-75 + 2*5 = 5-25 feet, and the length is 9 feet ; thercfoi 
the permanent load will be — 

FloorplatcH . 12 lbs. x 9 ft. x 6-25 ft. = 667 lbs. 
Ballast . . 120 „ x 9 „ x 6-25 ,, = 6,070 ., 
Permanent way 200 „ x 3 yds. . . — BOO „ 



8,837 „ - 3-052 ton*. 

The central load of 8 tons will produce a stress equal to 
that from a uniformly distributed weight of 16 tons; so 
19-052 will be the load to derive the weight of the girder 
from, its depth is to be one-twelfth the span, so its weight, 
the section being uniform throughout, 

= 19-052 x 0-00243 X 9 feet= 0-417 ton. 






■„1, 



It may he well to mention here that these weights 
for materials working at 5 tons per sectional square inch, 
the weight will vary inversely as this working strength, 
so where the strength differs notably from this an allow- 
ance must be made ; if, for instance, this girder were to 
be made of special steel carrying a working stress of 7 
tons per square inch, the weight of the rail-bearer would 



b 0-417 X = =0-298 ton. 
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The permanent load including the weight of the mil- 
bearer, will be 3052 + 0417 = 3*469 tons. The depth 
between the flanges will be 9 inches as the span is 9 feet. 
The central moment of stress will be the sum of the moments 
due to the central and the equally distributed load, or 

M _ Wl , W'l_ 8 x 9 , 3-469 x 9 01 Q , f f 

M = — — + -— = — — + = 21*9 foot tons. 

4 o 4 o 

The moment of resistance is = s . a . d and s . a . is the 
direct resistance of the flange, a varying inversely as s. 
For the top flange ; d = 9 inches = 0*75 feet. 

M = 21-9 = s.a.d = 4-2 x a x 0*75 

and the gross sectional area will therefore be, 

21*9 
a = ±2x~0~Y5 = 7 8quare inches ( nearlv )* 

For the bottom flange the nett sectional area required 
will be, 

a = g g7=g = 6 square inches (nearly). 

It is useless to take fractions of inches into account in 
settling these sectional areas. 

It is convenient in practice to make the top and bottom 
flanges alike in these smaller elements of the structure ; so 
in this case if the angle-irons are 3" x 3" x £" and the 
flange-bars 9" x i" we shall have a suitable size. When 
the flange is small enough to require a bar only — under 
12 inches wide, in addition to the angle-iron horizontal 
limbs the width should be kept to equal inches to suit the 
sizes of bars ordinarily rolled. Over that width the flanges 
are made of plates, which, having to be sheared along the 



ae 
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odges, can be supplied to any dimension within the rolling 
width of the mill. 

In the top flange of our rail-bearer the sectional area will 
be, angle-iron limbs 2 {3" x i"\ «" 3 square inches, bar 9" 
X 1" = 4*5 inches, total 7*5 square inches. In the bottom 
flange the nett sectional area will be, angle-iron limbs 2 {3 
- 0-75} tf = 2*25 square inches. Bar, {9 - 1-5} £ = 
375 square inches. Total nelt area 2*25 + 3-75 = 6 
square inches. 

The deductions are made for f -inch rivets, which arc suit- 
able for the dimensions used. The shearing resistance is taken 
as J of the tensile, that is 4 tons per sectional square inch. 
The whole load on the bearer is 8 + 3-469 = 114G9 tons, 
so the shearing stress on the web through the centre line of 
each end row of rivets will be 5'734 tons ; the rivet area 
required to pick this up will be 5734 -f- 4 = 1'433 square 
inches. The area of a ^-inch rivet is 0*44 square inch, so 
the number of rivet areas will be 1*433 -j- 0-44 = 8-2, 
that is 4, and as the web rivets are in double shear two 
rivets will be sufficient, but as the web-plate is 9 inches 
deep we can get throe rivets in the height ; this will leave 
the effective height of the web-plate 9 — 3 + 075 = 675 
inches and the thickness to resist the shearing stress will be 
= 1*433 -^ 675 = 0*212 inches. Therefore one quarter 
of an inch will be sufficient for the thickness of the web- 
plate ; it should have two stiftenors on each side of the 
web, 3 feet from each end, and these may be C" x 3" x i" 
tee-iron, as shown on the enlarged cross- section /' ; these 
ends rest against the vertical limbs of the angle-irons and 
have packing pieces between them and the web. 

We will now turn to the cross-gird ere e ; fixing the witl* 
of the main girder flanges at two feet, the horizontal 
between their ver ' " re lines will be IS feet, and 
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will be the effective span of the cross-girders, which are to 
be riveted or bolted up to the under side of the bottom 
flange, and which will be carried across so that the load on 
the flange is equally distributed on each side of the centre 
of the main girder. The maximum stress occurs on a 
cross-girder when a pair of driving wheels comes directly 
over the point of connection with the rail bearers, and at 
these points the permanent load also comes on the cross- 
girder. The weight of each wheel is 8 tons, and permanent 
weight will be half from each bearer meeting at the cross- 
girder— the total 8 + 3-469 = 11-469 tons; the moment 
of stress will reach its maximum under the centre of the 
rail 6 feet 6 inches from the end of the effective span of 
the cross-girder. The reaction at each point of support is 
equal to one of the symmetrical loads, and if x passes 
beyond the first rail, the downward moment of the local 
load will just balance the increase of the negative moment, 
so the stress from these loads will be constant between the 
rails. 

The maximum moment of stress will be, from the above 
load, 

= 11-469 X 6-5 = 74-548 feet tons. 

To get at the weight of the cross-girders, the uniform 
load to produce an equal maximum stress must be found, 
which will be given by the following equation ; 

if=~ = ^g 18 = 74-548; .-. JF= 74-548 X ^ 

= 33-13 tons. 

As the depth of the cross-girder is to be one-twelfth of 
its span, the girder weight will be, 

= 33-13 X 0-00243 x 18 feet = 1*45 tons. 
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This is an equally distributed load, which will give a 
maximum central moment of stress, 

WA 1*45 x 18 
= — £— = ~ = 3*262 tons. 

This, added to the moment for the concentrated load, gives 
the total moment — 74*548 + 3*262 = 77*81 feet tons. As 
the depth of web is one-twelfth the span it will be 
18 inches = 1*5 feet. For the top flange 

M = 77*81 = s . a . d = 4*2 x a x 15 ; 

the gross sectional area will therefore be, 

77*81 

a = ±-o „ i.- = 13 square inches (nearlj*). 
**-j x i *«* 

For the bottom flange the nett sectional area will be 
«* = ^ „ = 11 square inches (nearly). 

There will bo two rows of }~inch rivets in each flange, 
and angfe-mw* 3 inoh*s x 3 inches x £-inch will be used 
to connect tho woh with th* flanges. The gross area of the 
horizontal bu*W ol tko tt^l^irwis is {3 + 3} £ = 3 square 
inches ; thte Wayo^ u> bo mad* up in plates, for the top 
flange 13 — 3 = 10 squat* mctits* For the bottom flange 
the ang^mxu ^x^Jv^ fe $ ^3 — t>75} ^ — 2-25 square 
inches Waving <v>r th* |*fartv* U — 2^5 = 8*75 square 
inches* S\ if « w (tatt* i a**A *htck sur* used, their least 
wifck *AitB£ she tvx» by mv* ^<*x wuist be 8*75 + 1*5 = 
lt>*> rache^ 1* p**?**>\ *k* **rt^* will have two 
\%rtruh * |Vl^* ******* ***■* ** xv * * *%*** margin of 
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The maximum shearing stress upon the web will bo, 

1*45 
11469 + -g- = 12194 tons. 

The vertical sectional area of the web at the point of 
support must therefore be not less than 12 194 +4 = 
3 a 048 square inches. The depth of the web will be 
18 inches, and if 3 inches X 3 inches x i-inch angle-irons 
are used, the distance of each end rivet from the edge of 
the web — in a vertical row — will be If inches. To keep 
the horizontal lines of rivet-centres in the middle of the 
clear width of the vertical limbs, the distance between will 
bel8 — 1*75 X 2 = 14*5 inches. The number of rivets 
used to fasten the stiffenera, in addition to those passing 
through the angle-irons, would be two ; so the loss of depth 
in the web-plate will be four rivet-holes, and the nett 
depth will be 18 — 0*75 x 4 = 15 inches, whence the web 
thickness is found to be 3*048 square inches -*- 15 = 0203 
inches, so i-inch will be amply thick. 

In riveting or bolting the cross-girder to the bottom 
flange of the main girder, eight rivets or bolts would bo 
used, as there will be four rows of rivets in the horizontal 
plates of the bottom flange. Eight j-rivets give a sectional 
area 0*44 X 8 = 3*52, and the tensile resistance being 
5 tons per sectional square inch this is equal to a load 
= 3-52 X 5 = 17-6 tons. The actual load is 12-194 tons, 
so there is a good margin here to allow for defective 
riveting. 

If bolts are used, the sectional area — when in longi- 
tudinal stress — must be measured at the bottom of the 
thread; defects that occur in rivet-heads are absent in 
bolts, so nett areas will be safe. The sectional area re- 
quired will be 12*194 -r 5 = 2*439 square inches, and this, 
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divided by the number of holts S, gives 2-430 -~ 8 = 
inches as the sectional area of each bolt. This corresponds 
to a diameter of 0'022 inch, and a bolt f-inch diameter 
(Whit worth's Standard) has at the bottom of the thread a 
diameter of 0'C56 inch. So this is sufficient for the 

pllrpOBe. 

We now come to the main girders. The loads will be 
summed for each point at which it accrues ; but the per- 
manent load only will be taken from the direct cross-girder 
loads ; the nmning loads would not be fairly represented 
by a maximum load pair of driving wheels on each croBs- 
girder, so the running load is taken at per foot span and 
the apex load taken for that. I some time since worked out 
a table of uniformly distributed loads equivalent to a test 
load of goods' locomotives, the moments of stress from the 
latter being determined by taking the load on each pair uf 
wheels as a concentrated load. There is no averaging; and 
the engines were all headed in one direction. Some people 
bad an idea that the greatest stress occurred when the train 
of engines was arranged like two trains meeting at the 
centre of the bridge ; but I found by calculating each way 
that the maximum stress occura when the engines follow 
each other, the chimney of one next to the tender of that 
preceding it. 

The class of engine taken is heavy goods, and the exact 
wheel loads and wheel bases of engine and tender are 
shown in diagram in Fig. 65. A shows the position of the 
front buffer of the engine, ami B that of the' back buffer oC 
the tender. The total, equally distributed loads foi 
different spans, are given in the following table, for oni 
track of railway : — 



for oner 
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We have hero got below 1 5 tons per liiie.il foot of e 
and all spans above 150 feet may bo taken as having that 
as an outside load. 

»For our example 90 feet effective span, tho test load 
33 tons, which gives 133 -^ 90 = 1-477 tons. 
The running load at each point of junction of the n 
bars with the lower flange will be = 1-477 X 9 =1 
tons. The weight of rail-bearers and their permanent la* 
on each cross-girder is 3-469 x 2 = 6938 tons ; the weig 
of the cross-girder is l - 45 tons, so the total useful lond at I 
each apex of a triangle in the bottom flange will be, 

133 + 6038 + 1-45 , AOJ , , 
■ 5 ■ = 10-844 tons; 

thia is for one main girder. 

We find from practice that for any s]ian over 80 feet, « 
triangular girder will be lighter than a plate-girder for 
cgu.il loads, therefore, in estimating the weight of the 

4 I 
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main girders for the purposes of calculation as if they were 
plate-girders, we shall be on the safe side ; if it is worth 
while, a reduction in sectional areas can be made if this 
estimate is much over what the girder works out to when 
detailed. The effective depth of the girder is 7794 feet, so 
the ratio of span to depth is 90 -f- 7 *7 94 = 1 1 *5 ; the nearest 
in the table is 12, and as the sections will be proportioned 
to the various stresses, the tabular factor is 0001 89, and 
the estimated weight of one main girder will be, 

10-844 x 9 (points of load) x 000189 x 90 feet span 

= 166 tons. 

This weight will not be absolutely equally distributed, 
but it will be approximately so, for the flanges diminish in 
weight from the centre of the span to the supporting piers, 
but the web-bars increase in weight in the same direction ; 
so, taking the weight as uniformly distributed, that coming 
upon eachapex will be= 16*6 -r 9 = 1*844 tons, therof ore the 
total load at each apex will be 10*844 + 1*844 = 12*688 tons. 
In this case the loads fall on the bottom flange connec- 
tions, but the parallelograms of stress will have the same 
proportions as those shown in Fig. 34, and described in 
Chapter I., in which the relations between apex loads and 
direct stresses are dealt with, and the following expressions 
determined (page 57). 

Let W = the apex load * L = length of web-bars ; D = 
depth of girder; and B = base of one triangle; all 
dimensions being measured between the intersections of 
centre lines. 
Then, 

the thrust (or pull) on web-bar = W x y, 
thrust on top (or pull on bottom) flange = /Fx s - ^ 
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The character of the stress will depend u|M>n whether 
the load comes upon the top or bottom flange first; in 
the present example it is on the hottom llange. 

'Fin these expressions represents the part of the apex 
load which passes as stress along any particular bar, and 
this I must make clear before proceeding to the summation 
of stresses*. If we take the load at 17 for instance, the part 
of it which goes to pier C" is = W X A j and that which 
goes to pier D is = ?f X A. 

In each direction the stress due to the proportion of 
load passes equal in intensity through each bar to the 
piers, but the stress is alternately tensile and compres- 
sive; if therefore, we take each apex load separately, some 
tensile and other compressive stresses will be found on each 
bar, and their differences will be the resultant stresses on 
the bars. If the girder is fully loaded throughout its 
length, then all web-bars inclining upwards from the centre 
apex 1ft towards A and B will be in tension, and those in- 
clining downwards towards C and D will be in compression ; 
but if the bridge is not fully loaded this will not occur, 
for the kinds of stress will be determined similarly, but on 
each side of the centre of gravity of the load on the bridge 
instead of from the centre of span. We have here, then, 
two sets of stresses to deal with, one equally distributed 
from the weight of the structure itself, and the other 
varying with the running load. The stresses upon 
flanges are at a maximum when the bridge 
loaded, which simplifies the calculations bearing npoi 
them ; I shall deal with these stresses first and detenu in< 
them by the principle of moments. The stress on any 
flange segment will act about the connection opposite its 
centre and in the other flange — the moment which puts 
stress upon, for example, 3 — 4, acts about the point 14. 
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At each of the points 12 to 20, there is concentrated a 
load of 12*688 tons, acting vertically downwards ; therefore, 
there is an upward reaction at 1 1 equal to the load coming 
upon that point which is = 12*688 X 4*5 = 57*096 tons. 
I will show one working in detail and then proceed to sum- 
marize the flange stresses. 

I will determine the stress upon the segment 4 — 5 of 
the top flange ; the moments act about the point 15. The 
reaction acts at a distance of 4 bays = 9 X 36 feet from 
the point 15, and it acts upwards ; the downward moments 
are from the apex loads at 12, 13, and 14, and act at the 
distances 9 x 3 = 27 feet * 9 x 2 = 18 feet ; and 9 
feet from point 15. The resultant moment of stress will 
therefore be, 

M=z 57*096 x 36 - {12*688 x (27 + 18 + 9)} = 

1370 foot tons, 

itS = the total resistance of the flange area. 

M=S x d = S x 7 794, 

and, therefore, 

S x 7-794 = 1370 feet tons, 

whence, 

1370 
S = y^94 = 175*77 tons. 

Taking the top flange first, the stresses in compression 
will be- 
On segment 1—2—5=57*096 x9 + 7*794 = 65*94 tons. 

2— 3-5= {57*096 x 18-12-688 x 9} -?-7-794 = 117*21 tons. 

3— 4-5= { 57-096 x 27 - (12-688 x [18 + 9])} + 7*794 
= 155-10 tons. 

4_5_fl = {57-096 x 36- (12*688 x [27 + 18 + 9] )} + 7*794 
= 174*40 tons. 

5— 6-5= {57*096 x 45 - (12-688 x [36 + 27 + 18 + 9])} 
-+ 7*794 = 186-38 tons. 
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T!io tensile stresses upon the bottom flange will be foi 
by taking the momenta about the points 1, 2, 3, 4, and 
The stresses being sym metrical there is no noeessit 
for talcing them for more than half the length of tl 
girder. 

Unseproeiitll— 12-5=57096 x 1-b +■ 7-794 = 32-96 tt 

112— 13-5= {57096 x !3-fl - 12-888 x 4-fi} + 7'IB 
- 31-75 tous. 
13— 14-5={o7-096 x 22o - (12-688 x [13*5 + 4-6]) 
+ 7-7B4 = 135-54 tons. 
14— 16-S= {57-096 x 31 -6- (12-688 x [22-5 + 13-6 + 4-5]) 
+ 7-794 = 164-83 tons. 
15— 16-5= {67-096 x 40-o- (12-688 x [31 -5 + 22-5 + 13- 
+ 4-5])} + 7-794 - 179-48 tons. 

Tho stresses upon the web-bars must now be determine: 
but a maximum moving load does not give the maximum 
stresses on all the bars at once, a moving load brings tl 
maximum stress due to that load upon each web-bar u 
turn. This must be taken by itself and added to the si 
due to the permanent load. 

The load at any apex will be divided between the points o 
support in proportions relative to its distance from ( 
The load at 16 will be divided equally between them, as 
it is in the centre, and the stresses upon the web-bars will 
be alternately tensile and compressive. A load at 15 
will be divided diilerently, \V will come upon JJ, and 
A upon C ; the part going towards D will put tensile 
stress upon 15 — 5, which received compressive stress from 
the load at 16 ; thus we get two series of stresses, aud the 
resultant stress on any bar is their difference. 

It is not, however, necessary to work out the stresses- 1 
each apex load separately for each web-bar. The r 
of stress to load is as the length of the web-bar to the d 



TRIANGUJJUl AND LATTICE GIRDER BRIDGES. 175 

of the girder, and this, for a web formed of equilateral 
triangles, is 1*154 to 1 (see page 58). 

The running load for each cross-girder connection with 
the main girders, is 13*3 tons, and for each main girder 
13*3 -i-2 = 6*65 tons ; and the stress on tie or strut accruing 
from this load, will be 6*65 x 1154 = 7*674 tons. By 
reducing the load to stresses in the first place, considerable 
labour in calculation is saved. 

When the moving load covers the bridge, the stresses on 
bars 12 - 1, and 1 — 11, are those due to 4£ apex loads; the 
bar stress = 7*674 X 4*5 = 34*533 tons, tension on 12-1, 
and compression upon 11—1. 

Let the load now pass off the apex 12. There will be eight 
loaded apices, and the centre of gravity of the loads will be 
midway between the points 16 and 17. The 8 stresses 
= 7*674 X 8 = 61*392 tons ; the distance of the centre of 
gravity of the load from point 21 is = 9 X 4*5 = 40*5 feet; 
so the stresses passing through the bars 13 — 2, and 2—12, 
will be = (61*392 x 40*5) -r 90 = 27*625 tons. This stress 
will also pass through bars 12 — 1 and 1 — 11, but as they 
are not maximum stresses on those bars, are not to bo 
noticed, and generally the stresses thus running through 
bars to the left of those immediately dealt with, do not 
concern our calculations. Let the load now pass clear of 
point 13, then the seven loads left will have their centre of 
gravity at the apex 17 ; 36 feet from 21, and the maxi- 
mum stresses on 14 — 3 and 3 — 13 will be = (7*674 x 7 
x 36) -*• 90= 21*487 tons. Moving the load another bay 
there are six apex loads having their centre of gravity mid- 
way between points 17 and 18, therefore distant 31*5 feet 
from 21 ; and the stresses upon the bars 15 — 4 and 4 
— 14 will be = (7*674 x 6 x 31*5) -r 90 = 16*103 tons. 
After the next move there will be five apex loads, having 
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their centre of gravity at 18; 27 feet from 21. i 
stresses on 16 — 5 ami 5— 15 will be = (7-674 X 5 x 2' 
—■ 90 = 1 1 -502 tons. When the load has reached the m 
bay, there will be four apex loads with their centre of grai 
midway between 18 and 19, and at a distance of 22'5 feet 
from 21 ; so the stresses upon 17—6 and 6 — 16 will be 

- (7-674 X 4 X 22-5) -f- 20 = 7-668 tons. In the next 
position there will be three apex loads with their centre oi 
gravity at apex 19 ; 18 feet from 21 ; the stresses upon 18 

- 7 and 7 - 17 will be = (7-674 x 3 x 18) -f- 90 = 4'43 
tons. Next there are two loads, with their centre of gravit 
midway between 19 and 20 ; 13-5 feet from 21, the stresse 
upon 19 — 8 and 8-18 will be = (7-674 X 2 x 13"5 
~ 90 = 2-3 tone. 

There is no necessity to carry these calculations farther 
as we have already passed the point at which comprcssiv 
stresses, due to non-uniform loads, practically make strut- 
of bars which, under a uniformly distributed load, woul 
be ties. The structural provision to be made in thes 
cases is in form of section as well as in sectional area. 

The permanent load, due to the weight of the stru 
ture, ballast, and permanent way, will cause symmetrica, 
stresses of the web-bars, so only one half of the web neee 
be dealt with, and this can be taken as carrying half th 
load. 

The permanent load will be equal to the total load, less 
the running load per upex, that is to 12'688 — G'65 = G'03£ 
tons. On the bars 16 — 5 and 5 — 15 there will beastresi 
due to half this load, and at 15, 14, 13, and 12, twice this 
stress will be added. The stress from the half load at 
will be = (6-038 X 1-154) ~ 2 = 3'484 tons. 

The stresses due to the permanent load will thei 
sum up as follows :— 
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On bars 16 — 5 and 5 — 15, the stress = 3*484 tons. 
„ 15— 4 and 4-14, „ = 3*484 + 2 x 3-484 = 10-452 tons. 
„ 14-3 and 3-13, „ =10-452 + 2 x 3-484 = 17420 
„ 13— 2 and 2— 12, „ =17-420 + 2x3-484 = 24-388 
„ 12— land 1—11, „ =24-388 + 2x3-484 = 31-356 
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Under the uniformly distributed permanent load only 
all bars inclining upwards towards the points A and B are 
in tension, and those inclining downwards towards C and D 
are in compression, but the stresses caused by the moving 
load do not follow this law ; therefore the two series of 
stresses must be combined to give the resultant maximum 
stresses on each bar. 

The following summation will give the maximum stress 
on each bar. + signifies compression, and — tensile stress. 

On bar 1—11 stress = + 34*5 + 314 = + 65 9 tons. 
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The stresses on the central bars change from -J- to — 
with the movement of the load, thus bars 5 — 16 and 16 
— 6 must be prepared to withstand 15 tons tension, and 
4*2 tons compression, which means that it must not be a 

N 
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flat Kir, but made of angle or tee-iron. The resistance 
a bar 7*794 foot long and i-inch thick to compressive 
stress would only lie under 0'9 ton per sectional square 
inch, and 4-2 -4- 09 = 4-66 square inches. The tensile 
stress only calls for 15 -~ 5 = 3 square inches, which will 
also bo sufficient if angle-irons are used. 

The sizes of the pins connecting the web-bars with the 
flanges must next be determined, taking the working shear- 
ing stress at 4 tons per sectional square inch. They will, 
of course, bo the same for both halves of the girder. If D 
= diameter in inches and S= stress in tons; S=il 
X 0-7854 ; D = y~S~frlil for pins in single shear, an 
D = v' 8 -r- S'iiSS for double shear, which occurs in the pn 
sent example. This may be writU;n= ^/S-i-2-5 = 0'4 J~& 

Taking the stresses from the foregoing table, thediametei 
of the pins will be — 

At points 12. l,andll,diam. of pim=0-4 ^5*9 = 3-24 ins. say 3j ins 
„ 13 and 2 ,, „ =0-4 ^66-0=2-96 ,, 3 „ 

» 14 and 3 ., „ =0-4 i/3BS = 2-i$ „ 1\ ,, 

„ 15 and 4 ,, „ =0'4 v'26-6 = 2'06 „ 2j ,, 

,, lBanas ,, ,. =0-4 V* 16-0=1-56 ,, 1| „ 

Where rivets are used, the sum of their sectional are*, 
must equal the sectional area of the pin they displace. 

Tho gross seetional areas for the top flange will be founi 
by treating each segment as a strut. 

The width of the flanges has been fixed at 2 feet, th 
depth will be 9 inches of the general section shown in Fig. 
66, the side plates being joined to tho top ones by angle- 
irons 3 inches x 3 inches X 4-inch thick. The loast width 
of the segment will then be 9 incheB ; its length is 9 ft 
therefore keeping 4 - 5 as t*" - ' * of safety, the worki 
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i ; its length is 9 feet, 
f safety, tho working 
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stress to resist crippling Will be thus found. The ratio of 
length to diameter or width is9xl2-i-9 = 12, then 

19 1 

S = r i /io\2 X ITk = 3*71 tons per sectional sq. inch. 

"900T 

Sectional area of segment 1—2 = 65-94 + 3*71 = 17*74 8q. inches. 

2—3 - 117-21 + 3-71 = 31*53 „ 
3—4 = 155-10 + 3-71 - 4172 „ 

4-5 - 174-40 + 3-71 = 46-91 
5—6 = 186-38 ■+• 3-71 » 50*10 „ 

Fig. 66 will suit the first segment, its sectiona 1 area is 

^mewhat larger than is necessary, but it is as light as 

J fc is convenient to make it. The area amounts to — angle- 

•^ons = 2 (3" + 3" — £") £" =5-5 square inches • top plate 

^4 inches x f inch = 9 square inches • side plates 2(9 x £) 

^ 9'9 inches ; total 5*5 x 9 x 9 = 23*5 square inches. 

Segment 2 — 3 requires 9*03 square inches more, which can 

k© made up by adding a plate 24 inches x J-inch thick on 

kke top, as shown in Fig. 67. Segment 3 — 4 requires a 

ftirther addition of 10*19 square inches to be supplied by 

Another plate 24 inches x iV, which gives a total sectional 

^rea of 42*5 square inches. Segment 4 — 5 wants 4*41 

Square inches more, which a 24 inch x i plate will give, 

and the central segment 5 — 6 needs another 2*6 square 

inches, which is got by making the top plate f-inch thick 

instead of J-inch. 

The bearing stress of the pins against the inside of holes 
in which they rest should not exceed 4-2 tons per square 
inch ; the bearing area is equal to the diameter of the pin 
multiplied by the thickness of the metal through which it 
passes. The bearing areas required will be, at point 1, 
= 65*9-7- 4*2 = 15*7 square inches. To make up this area 
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tlie total thickness of side-plates must be 15"7 H- 3-25 (dia- 
iioierof pin) = 4-6 inches. So for a short length thiekcu- 
ii"!,' plates must l>e riveted inside the side-plates, as shown 
I)' dotted lines in Fig. 68, which shows joint 2 in Fig. 62. 
At the end connection I, the thickness of the side-plates 
must be increased on each side to 2'3 inches, so three J-inch 
*nd one [(-inch plate will he necessary. The lengths of 
these bars will ho in proportion to the bearing each will 
give. The bearing on the j-inch plate will be 325 x 0-375 
== 1-218 square inches. If j-inch rivets are used, the 
"shearing area for each will be 0*44 square inch ; therefore 
Mte number of rivets in this plate must be 1"218 -^ 044 
*•= ;i. The rivets will bo in three rows in cacli side-plate, 
**o one row will do for the inside plate. Each of the other 
Jrjlates will give a hearing = 325 x 0*5 = 1*628 square 
i iirlu's, and require additional rivets to (be number of 
1-625 —0-44 = 4 rivets, so the total number of rivets to 
■connect these plates with the side plates of the flange will 
he fifteen, that is, five vertical rows, which, at a pitch of 4 
inches, will make the plate next to the side plate 1 foot 8 
inches long. At joint 2 the bearing area required is 
55 — 4-2 = 13 - 1 square inches, and total thickness there- 
fore = 13'1 -i- 3 (diameter of pin) — 4-3S inches. Three 
{-inch plates and one J on each side will do this. The 
i plate has a bearing area of 3 x 0"25 =0'75 square inches, 
and will require 0-7. r }-^0-44 -= 2 rivets, and each 4 inch 
plate has a bearing = 3x0-5 = 1-5 square inches, anil re- 
quires an additional l*5-j- 0'44 = 4 rivets, so the total num- 
ber will bo fourteen rivets, which may bo arranged, as shown 
in Fig. 68, with two extra rivets, )• b, to keep the plates close. 
The thickening plates at the other joints will be dealt 
with in the same way ; it is not necessary to occupy space 
here by taking each in detail. 

A 
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The section of the bottom flange will be similar to tint 
of the top, but inverted ; the sectional areas of the seg- 
ments of the bottom Hange will be, taking the working 
stress at 5 tons per sectional stjuare inch, :is follows : — 

Section*] on of gegment 11—12 = 32-96 + 6 = 6-59 sq. indwa- 

12—13 = 91'75 ■*■ 5 = 18-Ho 

13— 14 = 135-51 + 6 = 27-11 

„ „ .. 14— IS = 1G4-S3 -t- 5 - 32-96 

15— 16 - 179-48 + 5 = 3S-80 

These are nett areas, the rivet and pin-holes being de- 
ducted from the gross area as the stress is tensile. The 
end section, if kept of the same sizes as those given in 
Fig. 66, will be, bottom plate (24 — 4 x 0-75) -£ = 6*5 
square inches ; side-plates 2 (9 — {2 x 0'75 + 3-25}) 0*5 = 
4'25 square inches ; and angle-irons 2 (3 -J- 3 — j0'5 + 2x 
075}) 0-5 =4 square inches; making the total sectional 
area = 6'5 4* 4-25 + 4 = 14-75 square inches. Segment 
12 — 13 will require 3-6 square inches more, which will be 
added in a plate 24 inches x J inch. This brings the nett 
sectional aroa to 14*75 + G = 20*75 square inches Seg- 
ment 13 — -14 requires 27*11 square inches, an increase of 
6'36 square inches. A plate y' u -incb thick will give this. 
Segment 14—15 requires 32-96 square inches, therefore 
an addition of a vV-ineh plate, which brings the effective 
area up to 27*89 + (21 + -, 1 ,-) = 34-45 square inches. Seg- 
ment 15 — 16 must have an effective sectional area of 35*89 
square inches. Another plate J-inch thick will supply this. 
The plates should not in wrought iron be made more than 
21 feet long, and they are more convenient to handle if 
they can be kept shorter. The lengths of the cover-plates 
trill bt> (Jetei-iuincd by im-tliods idvuiuly described on pages 
'05 and 1 54 ; but it may here \>e -gaVn > w& wAxJcsX t\i» \<-K\w 
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covers on the vertical side-plates can be utilised also as 
stiffening plates to give bearing for the joint-pins. 

In girders where the side-plates of the flanges are suffi- 
ciently wide apart, the struts may most conveniently be 
made of two bars each, as shown at A A, Fig. 64, these 
being laterally stiffened by bracing-bars, i », &c. The least 
width of the combination is to be taken in determining the 
working resistance of the material. Tha bars which have 
no compressive stresses will not require stiffening. 

I will show the application of the strut formula to one 
pair of bars, 1 — 11. The maximum stress is 65*9 tons. 
Let the width of the bar be 9 inches ; then, as its length is 
9 feet, r = 12, and the working resistance with 4*5 as factor 
of safety is 

S = 19 -r |l + yjM X — = 3*71 tons per sectional 

square inch. 

The sectional area required will be 65 9 -r- 3*71 = 17 7 
square inches. If each bar is made one inch thicker, there 
will be 18 square inches of gross sectional area to resist the 
compressive stress. In Fig. 69 is shown the edge of one bar 
with the ends thickened to give the required bearing on 
the pins at c and d. The bracing bars, i t, &c, may be 
made 4 inches X J inch thick, and fastened to the strut- 
bars by rivets, e e, &c. At C D is shown another method 
of connecting the bracing-bars. An angle-iron f g is riveted 
to each of the strut-bars, and angle-iron braces, h h, &c, 
are riveted to the return limbs of the angle-irons ; this 
makes a very stiff strut. The remaining struts will all be 
calculated in a similar manner. 

In making the tie-bars the ends may also be thickened. 
This is done by forging or pressing, not only to give bear- 
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inu. luit aIso to make up for the loss of metal by the pin- 
boh*, 
Passing from this example to generalities, it is obvi< 

[hat the value 7 will vary with different angles of web-bars, 
and this must lie determined for each particular case. If 
thorn arc more thai! one series of triangles, as in Figs. 35 
nd 36, the loud is not to be divided by 2, but the stresses 
011 the woli-bars of each series should be calculated sepa- 
rately ; the stresses upon the flanges will be found by the 
principle of moments in the usual way. 

If the load comes upon tbe top flanges of the bridge in 
l lie first instance, tbe mode of procedure is tbe same, but 
each load will commence by putting compressive stress 
uj>oii the first pair of bare supporting it. 

In girders of less depth a good form of llange consists of 
horinontal plates with deep angle-irons, between which the 
ends of the struts and ties are held. The struts in such 
cases may conveniently be made of tee-iron or steel, riveted 
together back to back with a plate between them if neces- 
sary, and for very light girders angle-irons or steels may 
used, placed back to back where they cross, for both strut 
and ties. In those cases where the series of triangulatbn 
are so numerous as to form a lattice web, the flanges ran 
be calculated in the same way as those of a plate-girder. 

When the ties and stmts cross each other it is usual to 
rivet or bolt them together at their intersections, whie 
helps to give lateral steadiness, but this must not be take 
as shortening the effective lengths of the struts in regard 
their capacity for resisting com | missive stress. 

Ill cases concerning bridges of long span, the coiuu 
tions bctweon the web-members and the flanges will ofto 
be made more conveniently by means of rivets, than 
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e pins which would become necessary, as these would 
sssitate very heavy thickening plates for bearing, which 
ts will not require. The great objection to these 
t-plates in small girders is that they disfigure it, but 
lie larger structures they are not so conspicuous. 
1 this matter — as in so many others — no general rule 
be laid down, but the designer must decide, according 
he circumstances of each case, what form of struts and 
nections will be most suitable for his purpose. 



CHAPTER X. 
TRUSSED BRIDGES. 

Takkn iii n broad sense al! triangular and lattice web- 
girders are included under tlie term trussed girdeis, ioi' 
they may all be regarded as built up of a combination cm 
trusses, but the term hero is used in reference to a distinct 
type, of which two examples are shown in Figs. 70 and 71- 

In the triangular and in the lattice web-girders there is » 
top and bottom flange, but in the trussed girders hero 
shown there is no bottom flange ; the floor of the bridge i s 
necessarily carried upon the top of the main girders. 

Although one or two attempts have been made fc*» 
introduce this type in England, it has never found favoii*" 
with English engineers. There is not the rigidity which i s 
found in girders with top and bottom flanges. I shall therc 
fore deal only with the general mode of determining th* 5 
stresses, but not enter into the details of design in referem:* 5 
to sectional areas and connections which can be settled iff* 
the same way as those previously considered. 

Tn Fig. 70 A B is one of the main girders earrying ;»■ 
bridge floor, and it is trussed by tie rods running fron.* 
various points in its length to the lower ends of vertica.1 
struts ck,dl,em, &c. The same formula used previously/' 
for converting load into stress will also apply in this i 
the ratio of stress on any tio-bar to the load taken up by it- 
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will be that of its length U> the length of the strut in 
which it tikes its load. In the example the girdtt 
divided into eight buys by the struts, so on each strut thi 
will be one-eighth of the total load on the girder ; let 
= this load ; L = the length of any tie ; and D = t 
length of the struts, all these lengths being taken fron 
centre to centre. 

The load upon c k is taken up by the ties k A, k d, b 
on each ; one half or W -r- 2 Iwcomes vertical load upon 
for although the stress upon k A is more than this, 1 
stress is resolved horizontally and vertically at A, am! t 
will occur with all the loads. It will be seen shortly « 
I am treating the loads in this way. The other half of I 
load on e goes to it, which also lias half the load from t 
addition to its own load, making 2 W altogether: t 
stress passes down </ /, and half the load is taken by tie I 
and the other half by tie I f to /, that is W to each. From 
c there also passes W ~ 2 through m/to /. There will 
therefore bo at / W from d I ; W ~ 2 from e m ; similar 
loads on the other side from h p and >j o and its own load 
IV; this makes a total of 15 W x 2 + W — 4 W, of 
which half goes to each point of support; therefore 2 W 
conies upon A , and the total load brought there by ties £ ./ 
( A, and n A will be = IV + 2 X W + 2 W = 3-5 W 
As there are seven struts, and the loads are uniformly dii 
tributed, there would necessarily be half seven strut-load 
on each support, which shows that 3-5 W is correct, an< 
therefore the loads taken up by the ties are also accurate!; 
determined. 

Some additional steadiness may bo obtained by connect 
ing the bottoms ft I m It o p y together by light tie-bars 
earned by the saino pins which at those points connect tin 
tie-bars with the struts. 



Let the effective span of the girder be 40 feet, ami the 
effective strut length G feet = I) ,■ then from the properties 
of right-angled triangles the lengths of the ties can 
determined. The length of each bay will he 5 feet, as the 
girder length is divided into eight parts by the seven struts. 
The length of the ties kA kd mil mf of oh qh and qS will be 



L= y/& 



- 7-81 feet 



Let the load jier lineal foot be 1*2 tons, then the load W =. 
1"2 X 5 = G tons, and the stress upon bars kA kd md 
mf and sym metrically placed tie-bars in the other half of 
le girder will be — 



S=-f X 


L 6 

D - 


X 7 81 
X 6 ' 


: 3-905 tons. 


For the ties 14 IfpJ 


and pB, 


the length will be — 


L = 


-vA 


+ 6' = 


11-66, 


Mil the stress upon 


them — 






«=^x 


i- 


11-06 


= 11-66 tons 


The length of the ties nA nB will be— 





L = a/%0 + 6' = 20-88, 
mid the stress upon them will be — 

c 4 W L 20-88 

2 X/j= I2 X 6 - = 41-76 tons. 

The compressive stress upon the top motn\i6V— , «\C\0R.i 
throughout its length— is found, \>y resoVva^ < 
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stresses on the ties vertically upon the support and 
horizontally upon A B and totalling the results. The 
horizontal compression will be to the tension as the hori- 
zontal length is to the length of the tie. The horizontal 
lengths will be 5 feet, 10 feet, and 20 feet ; 

K 

The thrust from tie k A = 3*905 x =— = 25 tons 



„ / A = 11-66 x -— - = 10-0 „ 



„ nA = 41-76 xs^=40-0 „ 



_10 
11-66 

20 
20*88 



52-5 „ 



The mode of trussing shown in Fig. 71 is different. Each 
load is carried directly to the points of support by the ties 
connected to the bottoms of the struts. Let the span be 
40 feet as before ; it is divided into six bays of 6*66 feet 
each, the depth D will also be taken as 6 feet as in the 
previous example. A lead of 1*2 tons per lineal foot gives 
1-2 x 6*6& = 8 tons on each strut. By determining first 
the proportion of load taken off by a tie the same formula 
for the stresses can be used as above. 

The lengths of the ties will be — 



v 



hA and / B - A / 6-66* + 6 2 = 897 



i 'A and kB - a /l3*33 2 + 6 2 = 1461 
j A and j B - + / 19-99 2 + 6 2 = 20*87 



/: 



l A and h B - a / 3333 + 6 2 = 33-85 



kA and i IS - a / 26-66 + 6* = 2731 
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Of the load at e, five-sixths goes to A, and one-sixth to B • 
>f that at d four-sixths goes to A and two-sixths to B ; and 
>f that at e half goes to each point of support ; the stresses 
pon the ties will therefore be — 

On h A and / B-S=W x|x~- 8x f X f ' S7 - 9-96 tons. 

6 1) 6x6 



»» 



. a i t » *. tit * -t 8x4x14*61 , ft n _ 
„ liandH-S^Wxrx-rj* - a — -=r~ -1299 

O JLf 0X0 

. „ ^ .« „ m 1 -E 8x1x20-87 
,. jAan&jB-S^Wx^x^- 2^ r=13#92 » 

„ MandAS-5=Wx-x-=« ^— -x = 7*62 

6 2) 6x6 

b JJ oxo 



»» 



»» 



he horizontal thrusts upon the member A B will be — 

6'fifi 

The thrust from tie h A = 9-96 x _ « 7*47 tons. 

o*97 



6-66 x 2 
14-61 

6-66x3 
20-87 

6-66x6 
33-85 



t ^ = 12-99 x V"™ =11*85 „ 



• A its i\e ODD X O -« _ - 

^-4 = 13'96x- S7 j-^ r -=:13-34 „ 



„ /^ = 7'5£» _.._ - 7-46 „ 



»» 



, . .« .. 6-66x4 ., . 



51-96 



»» 



The final horizontal stresses in the two systems are nearly 
ual. 



CHAPTER XI. 

CANTILEVER BRIDGES. 

ALTHOUGH the adoption of the cantilover form of bridg 
is comparatively recent in the United Kingdom, 
an ancient mode of construction. The advantages of t! 
system were advocated by Mr. Sedley, who proposed )r 
this means to bridge the Thames about the same plat 
which is now occupied by the Tower Bridge. Plans w 
prepared and models made in 1861-2, hut the matter went 
no farther then, and it seemed to drop out of sight until 
revived again in connection with the " Sukkar " Bridge in 
India and the " Forth " Bridge in Scotland. 

In regard to continuous girders and those with fixei 
ends, it has boon shown that each span is in principle com 
posed of two or three parts ; if a girder is carried over twi 
spans, each span will be in effect part cantilever and par 
lieam, tho cantilever part being over and on each side o 
the central pier, from the end of each cantilever part th 
rest of the girder acts as a girder with ends freely suj: 
ported. If the girder is continuous over three spans, th 
centre span will ho as two cantilevers carrying a freel; 
supported girder betweon thorn. The cantilever ends am 
the girder begins at the point of "contra-flexiire"; th 
position of this point, however, varies with alterations o 
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I, so that, in the continuous girder, neither the girder 
nor the cantilever is permanently defined as to length or 
span. The idea of cutting the flanges at a convenient 
point of contraflexure occurred, and the cantilever bridge 
construction thus reached. One form is shown, in eleva- 
tion, in Fig. 72. It consists of three spans, A B> BE, and 
EF 9 the loads on the end spans will counterbalance that on 
the centre span, or if they are insufficient for this, the ends 
at A and F must be anchored down to substantial founda- 
tions. The part CD is simply a girder-bridge with free 
ends supported by the ends of the cantilevers, B' B C and 
FED. The stresses upon the members A B\ EC, and I)E\ 
BF will be tensile, and those on the horizontal members, 
ABC and BE F will bo compressive. The condition of 
CD' is that of an ordinary freely supported bridge and 
needs no comment here ; it may be carried on bed-plates 
arranged to allow for contraction and expansion in a way 
which will be explained in a subsequent chapter. Let the 
spans measured from the faces of the abutments to the 
centres of the piers be — centre span 1,000 feet, end spans 
500 feet each, bridge CD 200 feet, leaving for B C and D E 
400 feet each. 

To fully consider all the details of the design of such 
a bridge as this would occupy at least all the space at my 
disposal, I must, therefore, deal only with the general 
conditions of stress. 

Taking the dead weight of the structure as being practi- 
cally uniform, the balance upon the piers B and E will be 
about right, but when a moving load occupies the centre 
span, this equilibrium will be disturbed, and therefore it 
will be necessary to anchor the ends of the cantilevers 
at A and F. 
If the bridge carries a single line of railway, there will 

o 



194 IRON AND STEEL 1SHIDGES AND VIADUCT 

bo a maximum moving load of 1-5 tons per lineal 
the main girders; therefore O'Tu tons per lineal 
each girder ; this would be a test load made up es 
to fill the whole span, but for this provision 
made. 

The moving load at C and D will be 0'75 x 1< 
tons ; this, token in regard to its moment about tin 
of the pier £', will be "5 X 400 = 30,000 foot torn 
moving load upon BE will be 075 x 400 ^ 30! 
its centre of gravity will bo 200 feet from E, and thl 
its moment about that point will bo 300 X 200 — 
foot tons, making a total moment of 90,000 foot torn 
divided by the length of the cantUever E F, gives 90 ; 
500 = 180 tons, anchorage to be provided on eaobi 
ment. By increasing tbe length of the eud cantilevt 
weight of anchorage may be reduced, but whether 
be done or not will depend upon tbe conditions that 
mine the spans. 

The stresses upon the top and bottom members 
cantdevers will be determiued by the principle of mos 
and those upon the web-bare by the parallelogr* 
forces. 

In bridges consisting of more than three spans 
not got the absolute fixture of the anchorages at the 
ments in the intermediate spans ; the piers must, ther 
afford a base sufficiently wide to prevent any lifting 
bed-plates under the pier-struts E B 1 and EE'. Th« 
struts over the piers are shown by gi and hk; the 
four of these on each pier to each girder, each" 
firmly braced together, bo as to form a rigid tower, 
condition of stability in this case is that the sum C 
live and dead loads on one span acting about the foe 
the stmt h k, shall not give a greater moment of a 
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than that accruing about the same point (h) from the dead 
[*load only in the next span ; otherwise the foot of the strut 
ft would be lifted from its base plate. 

It is obvious that the cantilever principle is not suitable 
lor bridges of small span in which the weight of the struc- 
ture itself is small compared with that of the moving 
load, 



« 






CHAPTER XII. 

BRIDGES SUPPORTED BY ARCHES. 

Bridges carried by arches may be divided into two clas 
and the arches which carry them may also be divided i 
two classes. 

The roadway or platform of the bridge may be of 
same construction as that for any other kind of bridge; 
the first division is — first, bridges with the roadway at 
the arch ; second, bridges with the roadway below the a 
The second division has reference to the arch itself ; it i 
be supported by abutments designed to take the thrust 
the arch may be tied ; that is to say, the thrust on the s 
is taken up by a tie, running from haunch to haunch, 
then vertical load only comes upon the piers. 

In Chapter II. we found by means of a diagram (Fig. 
that under a uniform load an arch would be stable if 
rise or versine did not exceed a fifth of the span, the s 
being circular in form. So, keeping within that ratio, 
calculations for an arch may be made by means of 
formulae determined in that chapter. 

Let T = the thrust at the crown of the arch ; T = tin 
at any point distant x feet from the crown of tho ai 
I = effective span in feet ; and v = rise or versine in f 
I shall take as an example a public road bridge, showr 
elevation in Fig. 73, and in transverse section in Fig. 
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A B C is the arch, upon the top of which is carried a 
6pandril-girder D E> and to this are connected the cross- 
girders of the bridge floor. The spandril-girder is sup- 
ported upon the back of the arch by upright struts, //, &c, 
which are braced in the centres of their lengths by a tie g. 
The roadway is carried by two main arches, which are 
braced together at intervals by tee-bars, h h 9 &c, to secure 
lateral rigidity, so that the arch need not bo treated as a 
column. 

The effective span of the arch is 100 feet = I ; its rise, 
15 feet = v; and the width of roadway 25 feet. The 
joafcerial to be used is steel, having compressive resistance 
equal to 35 tons and tensile 30 tons ; so with 5 as the factor 
of safety, the working stresses will be : — In compression, 
35 -j- 5 = 7 tons per sectional square inch of gross area ; 
and in tension 30 -f- 5 = 6 tons per sectional square inch 
of nett area. 

The bridge floor may be made on any of the systems 
previously described. Here I shall deal with the main ribs 
*nd their bracing only. 

In regard to load, if the bridge is crowded with people 
as close as they can be packed, the live load will not exceed 
120 lbs. per square foot of flooring, and vehicular traffic 
will not amount to as much. The road metalling and floor 
I will assume at 140 lbs. per square foot; this will make 
the total load upon the two arches ={120 + 140} x 
100 feet span x 25 feet width = 650,000 lbs. = 290 tons. 
The rise of the arch approximates one-seventh of the span, 
and the weight factor for this (see Table, page 82) is 
0*00108. The weight, then, of each rib, inclusive of 
pandrils, will be 

145 tons X 0-00108 x 100 feet span = 15-66 tons, 
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and the total load to be carried will be \4 
= 160-66 tons ; w = 1-606 tona. 

On these figures tho thrust at the crown o. 
will be 

T = Tv 8xl5 = 133 83 ton. 

The sectional area required at the crown of the 
therefore be = 133*88 -f- 1 = 19-12 square incl 
section may be built up as shown at F, Fig. 73 ; t 
9 incites X 1-inch, horizontally ; one web-plate 24 
f-ineh ; and four angle-steels 3 inches x 3 inches 
The gross sectional area thus obtained will bo 

2 plates 0" k J" . . ■■ fl'76 flquare inches. 

1 plate 24" <f . . = B-00 „ ,, 

i . h . S. 3" K 3" x I" - 8-43 „ 



showing a margin of 5 square inches. We sh 

however, use smaller sizes than these for such a s 

The thrust at tho haunch will be 



■vm 



+ (»*-)* 



^(133-83)' + (1-606 X 50)' = 156 ton 

which will require a gross sectional area 
= 22-28 square inches ; so the section already 
will bo sufficient all through the length of the ai 
wch-plates are to be stiffened every 4 feet with 
X 3 inches X |-inch tee-steels riveted on both s 
packing pieces under them between the main ang 
Now as to covers for tl" '. Wherevor jo 

HH^ 



M. 
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"i the web plates the tee-steels on each side will serve as 
covers, but the best job would be obtained by making the 
a rch in pieces, say, 16 feet long, and planing the ends truly 
'o fit, having at these ends angle-steels on both sides in 
place of tee-steels. The joints would then be made by 
ilting or riveting the angle-steels together, as shown in 
izontal section at G, Fig. 73. The web-plate can be 
de in shorter lengths to save waste in following the 
curve and its joints made by the tee-steels, which will occur 
bet ween the end angle-steels. If this accurate fitting is not 
obtainable, then the flange -plates and angle-steels must bo 
connected by cover-pla-tes in the usual way. 

The struts /may bo put at distances of 5 feet apart; 
then each must be proportioned to carry a maximum load 
of 5 x 1-606 = 8-03 tons. The length to bo taken for 
determining the working resistance will be that of the 
longest one, as it will be convenient to keep them all of 
section ; this will be 45 feet from the crown of the 
arch, where the upper surface of tho arch is in contact 
with the under surface of the spandril-girder D E, which 

horizontal. The radius of a circular arc is equal to tl 
square of the chord divided by eight times the versine plus 
the versine. In this case, then, 



11 = 



Sl+1 



too 

3X15" 



15 



90-eS feet. 



u. 



If = an ordinate distant x x from the crown of the arch, 
and drawn at right angles to the tangent under surface of 
the spandril-girder, this will be the length of the spandril 
strut which occurs at x, feet from the centre of the span. 
As the arch is 2 feet deep tho radius of its extrados will be 
i + 1 = 91-83 feet, and the length of the strut 45 foot 
from the centre will be, 



3t 
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= R - x'JF — xC- - 9183 — V'jOl-Sap - 
= 11 '78 feet. 

Tlie struts maybe made of tee-steels 6 inches x 3 inchw, 
riveted together back to back ; the least width will bt 
that measured diagonally, shown by y on the sectioa S, 
Pig. 73. This will be the diagonal of a square whose 
are 3 inches, and therefore = <J2 x 3 1 = 4'24*2 incha. 
Tho ratio of length to width will be 1 1 78 feet x 1 
= 333. Taking 5 as the factor of safety, tho working 
stress per sectional square inch will 

s * I9 " t 1 + wool x r l9T i l + "sori x 5 

= 17 tons. 

The sectional area of the stmt must therefore bo not less 
than 8-03 ■*■ 1-7 = 472 square inches. Two tee-steel) 
6 inches x 3 inches X | inch will give a sectional area of 
G-4G9 square inches, which shows an extra margin of 
strength. 

In this ease the spandril-girder is required as a means 
of connecting tho bridge floor witii the arch, the actual 
stress upon it will be very slight. If the cross-girders of 
the bridge floor join the spandril-girder just over the struts, 
the loads will come directly upon the latter, and if they 
join it midway, the stress will not be much ; we will taka 
it in this way, and also disregard the continuity of thfl 
spandril-girder ; then we shall have a series of girders 
ft feet in span with a central load of 8 03 tons. For pur- 
poses of connection, the spandril-girder should be 1 foot 
deep, then the maximum stress on either flange at the centre 
will be 
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„ Wl 8-03x5 1AAO h. 
S = t-> = A w i = 10037 tons. 
4a 4X1 

quiring a sectional area in compression = 10037 -r 7 
1*43 square inches, and in tension 10037 -*- 6 = 1*67 
uare inches. A web \ inch thick, with two angle-steels, 
inches x 3 inches x | inch as top and bottom flanges, 
ill have ample strength. 

I will now take another example, this time of a tied arch 
idge, carrying th& bridge floor below the arch. It is 
town in elevation in Fig. 75, and in transverse section in 
ig. 76. The span and rise are the same as in the previous 
:ample, the material the same, but the bridge is assumed 
► be designed to carry two lines of railway, the cross- 
irders will be 10 feet apart, and carried at the lower ends 
: suspension members, e e, &c. The main arch A B (7 is 
ed at its haunches by the main tie A C, 
The liability of the arch to distortion is resisted by 
[agonal counter-bracing, //, &c ; Applying the principle of 
lonients to this construction, it is evident that the stress 
pon the main tie is constant throughout its length, and 
D-ual in intensity to the thrust at the crown of the arch. 
There being two main girders, and two lines of railway, 
lere will be one line to be carried by each main rib or 
rch ; from the table of loads we find the uniformly dis- 
puted load for this span is 145 tons per line of railway, 
ad as there are nine suspension members, which divide 
lie bridge into ten bays, this will bring 14 5 tons on each 
ispension member, when the bridge is fully loaded; this 
ill be taken . for the stress on the arch or main tie, but 
icb .suspension rod is liable to a greater local load if two 
)comotives are standing side by side with their heaviest 
xiving wheels on one cross-girder, this will bring a live 
Dad of 16 tons on the suspension member ; there is also in 
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each case the weight of the structure to be added ; 
shall take, including weight of ballast, permanent way, 
flooring, at O'S tone per lineal foot. 

The live load per lineal foot is 1*45, and the weight of 
floor, ballast, &c, 0"8 tons, making 1-45 + O'S = 2-25 ton^J 
and therefore the total load, from external sources will W 
2-25 X 100 = 225 tons. To determine the weight of tbe 
tied arch, we may use the factors for plate-girders; they 
will be somewhat in excess, but a reduction of area can, if 
necessary, be made afterwards if economy is to be strictly' 
studied. The table does not go higher than J of the 
depth, but as the weight of the running section varie» 
inversely as the depth, £ can bo taken off the factor, for S 
to give that for the 7 which will be 0'00182 — 0-00022 =. 
0-OOOiG. Then the weight of the tied arch itself will be, 

= 225 tons x 0-00182 x 100 feet span = 40-95 tons, 

the total weight carried by each rib = 225 + 40-95 m 
265-95; and w = 2'G6 nearly. 

The thrust at the crown of the arch, and the tensile 
stress throughout the tie will be, 

_ w.P 2-66 x 100 „, „. . 

r = s=8-;= 8xl5 = aai-66 ton,. 

The thrust at the haunch will be, 



T = \/ (221-66)' + (2-6(5 x 50)= = 258-67 tons. 

The sectional area required at the crown of tho arch will 1 
be 221-66 + 7 = 31-66 square inches, and that at the 1 
haunches := 258"67 -~ 1 = 36-97 square inches. If we make | 
the top and bottom plates at the crown of the arch, 
] 2 inches x \ inch, the vertical or web-plate 24 inches x 
I , and th« <"-"tneeting angle-eteels 3 inches x 3 inche* 
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I * i inch, the gross sectional area will bo 32 square inches. 

I -At the haunches we want nearly 37 square inches, 5 inches 

I ^Qre; by making the web- plate § inch thick, we add 

I 6 inches, this will do for the haunch sections, but aB the 

Stress increases directly, the crown is the exact section, and 

lot practically sufficient there, so from the { span on one 

side to that on the other side of the crown, the web may 

be made £ inch thick. 

The nett sectional area required in the tie is 221-61) -+■ G 
= 33'61 square inches. In order to find the loss by rivet- 
holes, we must find how many, rivets will bo required in 
shearing stress to attach the' cross-girder end to the main 
tie of the arch. 

The permanent load, as the cross-girders are 10 feet apart, 
will be 0-8 x 10'*= 8 tons, and the maximum live load on 
one end will bo 16 tons, 24 tons in all. Taking the rivets 
as having $ the tensile resistance, the working resistance 
will bo 6 x 0'8 = 4'S tons per sectional square inch. If 
J-inch rivets are used, the area of each cross-section is 
0-6 square inches, and its shearing resistanco 0-6 X 4'6 = 
2'88 tons. The number of rivet areas required will he 
24 -i- 2-88 = 8-3, that is 9 rivets. There would be used 
10 rivets, 5 to each of the end angle-steels of the cross- 
girder ; bringing these in between the rivets, fastening the 
main angle-steels to the web of the main tie. The vertical 
rivet-pitch will be about 3'66 inches, and there will be 7 
rivet-holes to deduct from the width of the wob- plate. The 
main tio will be kept to the same outside dimensions as the 
arch ; the top and bottom flanges will have two rivet-holes 
each to be deducted, and the angle-steels ono each, as these 
latter, being zig-zag, cannot both come in line with the 
vortical row of rivets in the web, For 3-inch rivets, I 
should use a 5-inch pitch ; and the angle-steels would be 
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4 inches X 4 inches y, \ inch thick. The four will 
Ms nett sectional area 4 {3-5— O'STu} i = 13-25 squ 
inches. A £-inch web-plate with 7 rivet-holes out 
(24 - 6-125) J = 8-937 square inches, and two fin 
flange-plates, with two rivet-holes out of each give (12 
I '75) £ = 12*81 square inches. This makes up a 
nett area of 34-997 square inches. 

The cross -gilders throughout the structure are connect: 
to the main tie immediately below tho suspension members, 
so that in no case can they bring transverse stress upon the 
main tie. Particular attention must bo given to the 
arrrangoment of the connection between the arch and the 
tie at the ends, here the rivets must be sufficient to pick uu 
the whole of the stress upon the haunch of the arch ; that is 
258-67 tons. The number of 2-inch rivets required for 
this will be 258*67 — 2-88 = 89"S, that is 90 rivets. 

It will be found convenient to have the end web-plates 
at each end in one piece, to servo both for tho arch and tie, 
this plate will be of the form shown at A A, audits right-hand 
inclined edge being strengthened by two angle-steels, 
one each side will form an abutment for the arch to rest 
upon, the web of the arch also having angle-steels riveted 
on it, and riveted also to the other angle-bars as shown at 
g g. The bottom main angle-steels of the arch are bent up, 
and carried along horizontally, as shown at i i, where they 
are riveted through the top main angle-steols of 
main tie. The bottom flange-plate of the arch, and 
top flange-plate of the tic terminate where they meet at i 
and are there connected together by a gusset-plate k\ vel 
is riveted through them, and their main angle-steels throi 
the attachment of bent angle-steels on each side. 

The web of the main tie is further connected to the p!a 
A A, by cover-plates m ■ m placed on both sides of the 
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plated, so that all the rivets passing through these covers 
and the web-plates beneath, will be in double shear, so that 
each rivet represents the strength of two. An enlarged 
elevation of this joint is shown at Fig. 77. 

The suspension members e are now to be considered ; the 
load upon each is the maximum load at one end of a cross- 
girder, and this has been found to amount to 24 tons. The 
nett sectional area of each member / must therefore be not 
less than 24 -r 6 = 4 square inches. As it is advisable to 
take every means to minify lateral vibration or oscillation, 
these members may with advantage be made of rigid form 
although their special duty is to resist tensile stress only. 
Ten rivets have been allowed for the connection of each 
end of a cross-girder with the main girder, and the same 
number must be used to connect the main tie with the 
suspension member, if they are exposed to shearing stress ; 
if they are in tension fewer may be used, as the tensile 
working resistance is 6 tons, which will give each •$" rivet a 
carrying capacity of 6 x 6 = 3*6 tons; the number re- 
quired would be 24 -r 3*6 = 6 6, that is seven rivets. Details 
of this joint with the main tie are shown in elevation 
in Fig. 78, and in soction in Fig. 79 ; the connection 
with the arch is similar but the cap of the suspension 
member will be shaped to fit the curve of the soffit of the 
arch. 

I should make this member of four-angle steels b b> &c, 
each 4" x 4" x f" with their ends bent at right angles to 
their height as shown at e e, and between the outer and 
inner pairs a stiffening plate g g will be riveted to act as a 
double gusset to the two bends, the same being done also 
at the top of the member ; the central parts of the inner 
and outer angle-steel will be joggled down to meet each 
other and be solidly riveted together along the length 
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between the stiffening or gusset-platas. 
rivets on each side of the foot. 

The nctt section.il area of one angle-steel will be = {4 + 
i - (0-375 + 2 X 0-875)] - = 2'203 square inches and of 

the four together 8 - 812 square inches, more than twice that 
necessary, but in cases of this kind the economy of one 
member must be sacrificed for the convenience of the 
general requirements of the work. The vertical lines of 
rivets ff, are those which connect the end of the cross- 
girder D with the web of the main tie A. 

In order that the lines of rivets in the foot of the sus- 
pension member should naturally fall opposite those in the 
tie angle-steels, the giBset-pIate should bo the same thick- 
ness as the wcb-plate of the tic. 

The gusset-plates g will also afford a means of connecting 
the bracing-bars / with the arch and tie. We cannot deter- 
mine any definite stress u]>ou those, and are guided by 
what we have found satisfactory in practice; these may be 
made 8 inches wide and g-inch thick and riveted together 
when they cross in the centre. 

In order to keep the tops of the arches steady, bracing 
frames H H should be riveted to them, there being in this 
case five of these, 5 feet apart over the centre of the 
span ; they must be arched up when necessary lo allow for 
the required headway, which should not be less than 15 
feet above rail level. 

These cross-braces will be of light material, say two 
angle-steels 3" X 3" x |" with $" rivets for top and bottom 
flanges, depth 18 inches, as the width is 25 feet, and the 
flanges connected by lattice bars 3" X |" at 45 degrees to 
the horizoD. The feet to connect these bracing frames 
with the top flange of the arch must be made 4" X 4'' x 1" 
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to take the 5" pitch of the rivets, and each foot will be 
connected with the arch by eight rivets. An end plate is 
riveted between the 3" x 3" angle-steels at each end of 
the frame. 

If the floor of the bridge is not braced by buckled or 
other continuous plates, horizontal bracing must be fixed 
diagonally in each bay between the cross-girders. This 
may be made of 4-inch by 6-inch X 4-inch tee-steels, back 
to back, riveted together where they cross, and with their 
webs bent at the ends and riveted together through the 
cross-girder webs, as shown at c in Fig. 79. These ends 
may, if necessary, be riveted to the web or bottom flange of 
the main tie, but no extra rivets must be used for this 
purpose, as the loss of section caused thereby has not been 
allowed for in calculating the sectional area of the tie ; and 
it is always advisable to avoid putting more rivets than are 
absolutely necessary in members under tensile stress. 

The ordinary cover-plates along the arch and tie will be 
arranged in the usual way. 




CHAPTER XIII. 

CHAIN BRIDGES. 

In Figs. 80 and 81 are shown an elevation and a centra 
transverse section of a chain bridge — tho usually acceptet 
form of suspension bridge. The bridge shown consists 
throe spans, the centre being 100 feet, and the side on 
50 feet each, to the centres of the piers and the faces o 
the abutments. 

The bridge is carried by main chains ABODE 
passing over the tops of tho towers BF and DG, 
having their ends at A and E carried down into the grouni 
and anchored behind masonry or concrete as shown 
detail at Fig. 82. 

The roadway, which may be of any of the types p 
viously described, is carried by continuous lattice-girdi 
ST AT AT, having effective spans of 10 feet, and attached at 
every ten feet to suspension rods A, the upper ends 
which are supported by the main chains. The girders 
in order to give rigidity to the floor, should be ca 
culsted for a span of 30 feet so as to distribute parti 
loads over four suspension rods. These girders will 
calculated according to the formula; exemplified in Chapl 
IX, but a close lattice, which also serves as a parapet 
the roadway, is most suitable. By inclining the chai 
inward, towards the centre, as shown in the cross-sectk 
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*^g. 81, the lateral stability of the roadway is improved, as 

Explained in Chapter II ; the suspension rods being also 

helmed in the same plane as the chains. The height of 

^e girders K should bring them 4 feet above the level of 

footway in a road bridge, which is the class I shall take 

4 or this example. 

The material used will be wrought iron, with a working 
tensile resistance of 5 tons per sectional square inch ; and, 
in shearing, 4 tons per sectional square inch. 

The versine or dip of the chain in the centre span will 
be taken as one-sixth, 100 -r- 6 = 16 '6 feet. 

The live load upon the roadway at 120 lbs. per foot 
super., and the weight of ballast, asphalt and floor-girders, 
including girders K, I will take at 160 lbs. per square foot, 
making the total load to be carried by the two chains equal 
to 280 lbs. per square foot; the bridge is 26 feet wide, there 
fore the load per lineal foot of span upon the two chains 
will be 280 X 26 = 7,280 lbs = 3'25 tons ; that is 1-625 
tons per lineal foot upon each chain. 

The same formulae used for determining the stresses upon 
the arch apply also to the chain ; therefore, the tension at 
the centre of the middle span will be, 

T w.P 1-625 x 100 2 lon , 

T = - tt — = — - — A — = 120 tons 

8 v 8 x 16-6 

dropping the decimals. The tension on the main chains, 
at the towers, will be 



--/ 



120 + (1-625 X 50) 2 = 145 tons nearly. 

The nett sectional areas of the chains will therefore 
require to be ; at the centre of the span, 120 -f- 5 = 24 
square inches ; and at the towers 145 -f- 5 = 29 square 

P 
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inches, Between these points, the sectional areas will var) 
by so small a quantity that it will be convenient to use 
the larger sectional area throughout the chain. Of course, 
in a chain-bridge of longer span, say 400 or more feet, it 
would be desirable to vary the sectional areas of the links, , 
as the saving would be considerable. 

Something must be said here about the form and 
factiire of these links, of which one is shown in elevation L 
at Fig. 83. These should not be made of equal width ■ { 
throughout, but with eyes, 0, at each end, the body P, [" ' : 
of the bar being proportioned to the stress which it will ** 
have to bear. Then comes the question of proportion of 
the eyes to the body of the bar, This is a point upon which 
we cannot theorize with any great satisfaction, so must base 
our sizes upon experiment and experience, which give the 
following results : — 

The bar is assumed to he of the same thickness through- 
out ; it may fail by bursting open along the line q, ot 
tearing asunder through one or both the lines r r. To get 
the full strength of the body in the eye, the length q 
should be made equal to 1£ diameters of the pin-hole, and 
the two lines r r should be together equal to 1 J times the 
width of the body of the bar. 

Those dimensions being set out, easy curves are used to 
form the outline of the eye. The maiu pins of the chains 
have to be arranged to take the load from the suspension 
rods, and this will be most conveniently done by means of 
joint plates, one on each side of the head of each suspension 
rod, which will place its connecting-pin in double shear. 

The remarks made in reference to the proportions of 
eyes in the main chains will also apply to eyes in othi 
parts of the structure. 

The arrangement of the main chain joints is a mat! 
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which requires very careful consideration, and this is the 
next matter to be dealt with. 

The sectional area of chain to be supplied is 29 square 
inches ; let the bodies of the links be 7J inches 
then if the sum of their thickness bo 4 inches, the chain 
•will have a sectional area of 30 square inches. 

In Fig. 84 is shown a plan of one joint and connection 
with the head d of a suspension rod. ee is the centre line 
or axis of the pin holding the parts together. It is seen 
that the bars a and c bring double shear upon the pin and the 
bars b bring single shear upon it, therefore it is obvious 
that the bars b should be half the thickness of bars a and c, 
the two latter will be made 1 inch, and the former i-inch 
thick. The stress brought upon a single section of the pin 
from the main chain' will not exceed 7-5 x 0-5 x 5 tons 
= 18-75 tons. The;. stress brought upon the pin by the 
suspension bar is 1 625 tons, x 10 feet = 16-25 tons carried 
in double shear. The shearing area necessary would be 
18'75 -~ i tons = 4'687 square inches, for which a pin 2J 
inches in diameter would give sufficient sectional area, but 
we also require the same amount of bearing area for each 
section in shear, so it will be better to make the pins 4| 
inches in diameter and thicken out the heads of the links, 
making those of a and e 2 inehes, and those of b 1 inch thick. 

The sectional area required for the suspension rod will 
be = 16-25 tons -r 5 = 3'2o square inches, which is satisfied 
by a roil 2£ inch diameter, and keeping the head the same 
thickness there will be ample bearing upon the pin. The 
anchored ends of the chains (Fig. 82) are to be 
sufficiently far back into the ground to give a certain founda- 
tion, and the factor of safety for stability should not he less 
The ends of these links are ma&o -wisXv "coa»s««. 
s to give sufficient bearing surface upon tVe, \» 
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nig plates MM, behind which the heads are further secur 
by a cotter n. The plates MM are built in with strong 
masonry in cement / /, which is imbedded in ballast concrete 
to form a solid mass, the quantity of which will depea 
upon the stress and the locality ; if, for instance, the grour 
is rock, there is a ready-nude anchorage, hut if it is grave 
the anchorage must be artificially formed. 

The towers, which may be of masonry, brick, or ii 
carry near their summits strong wrought iron or cast steel 
saddles placed upon rollers to allow for the slight move- 
ment caused by passing loads, which slightly distort the 
chains, or, instead of saddles on rollers, rocking pieces may 
he used, but whichever form is adopted, the full sectional 
area of the chain must be kept throughout it. 

The connection of the head of the suspension rod with 
the chain, will allow for longitudinal movement, and the 
lower connection, with the parapet girder, must he made to 
accommodate any lateral oscillation without wrenching the 
rod. The form of this joint is universal, and it is shown 
in front and side elevations in Fig 8.5. The lower end, 
a, of the suspension rod is made with an eye, which resta 
between the lugs, c r, of the connecting piece, and has a bolt 
or pin, bb, passing through all of them; the lower part 
of the connecting piece forms another eye, d, at right- 
angles to the eye in the suspension rod, and he)d by a bolt. 
e e, to lugs, //, which are secured to the roadway girder. 
These lugs may be continuations of bars that pass through 
the top flange of the roadway girder into the web, and so 
form suspension plates for the girder ; the continuity of the 
structure is then well maintained. 

The suspension rods may be inclined downwards towards 
the centre of the span to aid the stability of the super- 
structure, but in that case the stresses upon them will be 
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increased. It will be seen that in these matters stability is 
sought in giving the structure such a form that its elements 
will be under initial directive stress, with only its dead 
weight before any oscillatory forces come into action. 

If two chains, one above another, are used, the suspension 
rod may be conveniently attached to a triangular plate, 
(i 6 c, Fig. 86 ; by this the stress is distributed between the 
chains A and A' ; e is a pin passing thi'inigh and fixed in 
the suspension plate, a be, and it rests freely upon the upper 
chain, A ; the corner, 6, is supported by the main chain 
pin, d, which passes through it, and at the lowest angle c, is 
a hole,/, to receive a bolt connecting it with the head of 
the suspension rod ; the plates may be made in pairs to 
take the suspension roil between them, otherwise it would 
require a forked head with two eyes to give even bearing. 
In the alternate joints the arrangement can be bo far 
reversed, that the lower pin is fixed in the suspension plate 
and rests freely upon the lower chain, whilst one of the 
main chain pins passes through the hole in the upper part 
of the plate, thus the fixed connection of the suspension 
rods will be alternately with the upper and lower chains, 
whereby they will be equally steadied. 

Another method consists in joining the suspension roil 
heads directly to the main chain, but alternately to each. 

It has been proposed to uso two chains thus, but stiffened 
by lattice bracing ; but this system does not seem rational 
to me, as the lattice-work must hinder the chains from 
adapting their forms to the varying stresses. 

The arch ami chain may be combined for large spans with 
excellent results, as shown in Brunei's splendid bridge at 
Saltash, which has two spans of 4 SO feet each, carrying ■ 
railway suspended from an arch of elliptical tabular sec- 
tion tied by suspension chains on each aide. 
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It not unfrequently happens that a bridge is required in 
a locality where a pei-manently fixed structure across a 
river is not admissible on account of the navigation, there- 
fore a form of bridge which can be moved clear of the 
waterway when required must in such a case be adopted. 

There are three descriptions of bridge available ; first, 
the rolling bridge, which can be run back on to land, or one 
span which can be run back under in a long bridge or 
viaduct ; second, a bridge mounted on a turn-table, so that 
it may be turned a quarter round, it will then lio length- 
ways of the stream and leave room for the vessels to pass ; 
third, the " bascule " bridge, which turns on a horizontal 
axis and so reaching a vertical position leaves a clear 
way for ships. There must be nothing loose about the 
roadway of a " bascule" bridge. 

The most satisfactory of those three types is the turn- 
table bridge, but it is not always that it will fit the con- 
ditions of the locality. One suitable for a narrow stream 
or a canal is shown in side elevation at Fig. 87. Fig. 88 is 
a plan of the " live " rollers and lower or " dead " ring of 
the turn-table. Figs. 89 and 90 are details of the rings and 
centre-pin of the turn-table. 

The bridge is to carry a roadway, and is 18 feet wide ; the 
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width of the canal is 78 feet and the headway insufficient 
to allow boats to pass under. The main girders A B C are 
shown as built up of plates ; lattice-girders may be used if 
required, but for such small spans the plate-girder is more 
economical. 

When this bridge is swung round there is a clear open- 
ing of 30 feet on each side of the central pier, that which 
supports the turn-table. 

Two sets of calculations must be made for the main 
girders, one when supported at the centre and both ends, 
and fully loaded ; the other for the permanent load only 
with the ends A and C clear of the abutments. In the 
first case this is a continuous girder of two equal spans, 
and the maximum stress will occur over the centre pier, 
where it will be, on each flange, 



S = 



Sd 



hi which w = the total live and dead load per lineal foot, 

and I = 39 feet, the effective length of each span. Let w x 

= the dead load per lineal foot, when the bridge is open 

the flange stress will be that on a cantilever 39 feet 

long, or 

w x A % 



S' = 



2d 



The dead load, including the weight of the structure, 
with ballast or road metal and paving, will be about 28 
ewt. = 1-4 tons per lineal foot of span. The live load, 
taken as 120 lbs. per superficial foot, will be 18 feet x 
120 lbs. = 2,160 lbs. = 0-964 tons. Therefore w x = 
1-4 tons and «?=1'4 + 0*964 = 2-364 tons per lineal foot 
3f span. The stresses at the centre B or JP, on either 
flange, for the two main girders will be : — 
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The bridge shut and with a full load, 



te.P _ 2-364 x 39 

Bd — 8 x d —' 



The bridge open and supporting dead loi 



5" 



w,.P 1/4 X^39 
= "2d"= 2 xd : 



If we keep the flanges of the same 
throughout their length, the girderH may be 
in each direction from B to the bearings A 
will be seen that if proportioned to th< 
when open, there will be ample strength 
Assume that the depth of girder practically t 
the abutments ; the maximum stress be twee 
roent A and the first point of contraflexure is J 
= 14-625 feet ; therefore, the girder depth at 

will be rf, = d x — gg- 1 = 0-375 d; and the f 
at this point with the bridge shut will be, 

-_ ™ -_ p _ 2- 364 X 39* _ 684-88 
— 1 4 rf, — 14 x 0-375 d ~ d~ 



which is much less than 



1064-7 



The main girders may be advantageously m. 
siderable depth over the central pier, say ! 
tapered down to 2 feet at each end. The st 
flanges at B and 1), tension on the first and con: 
the latter, will be = 1064-7 -S- 8 = 133-09 ton 
material be steel with working resistances p 
square inch of 7 tons in tension, and 6 in c 
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then the nett area at B = 133-09 -^7 = 19 square inches, 
and the gross sectional area at D = 133-09 -f 6 = 22-18 
square inches, both of which can be obtained with the 
flange 12 inches wide, which is enough for the span. The 
further detailing will follow in the usual course. 

The bearings at A and C are slightly inclined, foi 
necessarily there is some deflection at the ends of the 
girder when the bridge is open, and this will gradually 
take it up as it closes and give the ends their due sup- 
port. 

I have not space to enter at length into the details of 
the turning gear, which is machinists' work, but the turn-table 
may be generally described. It is shown in plan in Fig. 88, 
in which a number of rollers, re a, &c, rest upon a bed- 
ring- 3 9 i upon the tops of the rollers is carried a live ring, 
A, in section, Fig. 89, and in the elevation; upon this ring 
the main girders are bolted to a bed-plate which distri- 
butes the load over the ring. The rollers, as shown in 
the section, are truncated cones, the sides of which if pro- 
duced would meet in the centre of the turn-table, and thus 
there is no rubbing friction between the rollers and the 
rings. These rollers are retained in position by rings i and 
k, carried by the axle-rods, It b, Ac, which, at their inner 
ends, are fixed in a ring c (shown in section in Fig. 90), 
which revolves on a seating round a central pin d fixed in 
a cast steel bed-plate m, which is securely bolted down on 
the central pier. Upon the pier is fixed a toothed circular 
rack, of which part is shown at e, Fig. 88, and into this 
a toothed pinion, t, gears ; this pinion is fixed on the lower 
end of a shaft, t f, Fig. 87, the upper end of which is con- 
nected by gearing with winch handles upon the bridge 
whereby it may be rotated. In large hriA^fts. xVe tocviwwj, 
/s effected by means of hydraulic machinery . 
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If the coDditions are such that the spans must be un- 
equal, then the shorter span will be loaded to balance the 
longer ; in this way a turning-bridge may be made which 
will consist of one span only, having its turn-table and 
loaded tail on one side of the stream. 

If, however, the river banks are occupied by ware- 
houses and wharfs, or other buildings, there will not be 
room to turn a bridge to the bank ; the alternative ii 
use the rolling bridge. 

The main girders of a bridge of this description must 
have the undersides of the bottom flanges planed to a true 
surface to run upon the bearing rollers over which they 
have to travel. The bridge must be continued inshore far 
enough to accommodate below its flooring a counter-balance 
to the overhanging dead weight when drawn back from 
the opposite shore, and this short end will be fitted with 
wheels which run on rails provided for the purpose. Now 
it is obvious that if a bridge is to be thus run back it must 
have some place to receive it In the Parrett Bridge at 
Bridgewater, carrying a railway, a length of about 60 feet 
of the permanent way was carried upon a framing on 
which it was drawn away to one side on rails at right 
angles to its length to leave a space into which the river 
span could be drawn, and after this was returned to its 
closed position, the permanent way on its carriage was re- 
placed ; the span of the bridge was 75 feet, and at its free 
end it was fitted with a paralxdic beak to lift that end to 
its bearing ; a steam winch with automatic gearing operated 
this bridge. 

The friction of turn-table bridges properly constructed 
is not considerable ; experience shows that it is usually 
greater in opening the bridge than in closing it, though 
that is not always the case. 
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Experiments upon eleven American bridges showed a 
maximum friction of 7*94 lbs. per 1,000 lbs. weight of 
moving structure ; one bridge showed as low a friction as 
3-53 lbs. per 1,000 lbs. 

I have no records of friction of rolling bridges, but these 
should, if well-made and properly kept in order, cer- 
tainly not exceed in friction the turn-table bridges, as 
they have fair bearings upon cylindrical rollers and straight 
rails. 

The third form of opening bridge now requires atten- 
tion, this is the " bascule/' which divides in the centre and 
opens upwards in two leaves. The latest example of this 
is the Tower Bridge, London. 

Figs. 91 and 92 are diagrams of a " bascule " bridge in 
elevation, the former shows it closed and the latter open. 

The structure consists of two half-arches F B and GC, 
which, when closed, bear upon abutments HH, and meet 
at B and C, and so act as one arch, the stresses upon which 
may be determined in the usual way. There will be two 
arches, one on each side of the bridge, and they carry the 
roadway between them. 

The roadway is continued in each direction, and is formed 
as tail pieces at each end to carry counterbalancing loads at 
A and D. 

For the purposes of opening, each half of the structure is 
fixed on a massive axle or trunnion E, capable of carrying 
the whole dead weight when the half-arches are lifted 
from their abutments ; this will put the trunnions E E 
under shearing stress, for the bearings must be kept 
close up to the arches, as any transverse stress would 
cause a jamming in the bearings of a very destructive 
character. In order to get a proper bearing surface the 
diameter of the trunnions will probably have to be larger 
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than that required for shearing stress. If the bridge ii 
100 feet spaa and 20 feet wide, the dead load will b 
one and a half tons per lineal foot of span, which will g 
1*5 X 50 = 75 tons for each half-span, Then there ie 
counterbalance to be considered. If the tail-piece i 
feet long the balancing load will be greater than the weigb 
of the half-span in ratio to its shorter leverage. Assum 
the centre of gravity of each load to be at the centre of tl 
length, the counterbalance will weigh 



75 x 



: 187-5 tons. 



so that the total weight on each of the trunnions will b 
187*5 + 75 = 2625 tons. If the trunnion is of ir 
working resistance to shearing stress of 4 tons per sectii 
square inch, each shearing area must be, 



262-5 
2x4 = 



= 32*8 square r 



This area would be given by a trunnion 6£ inches i 
diameter. The bearing area must be equal to the shear 
area, so if this diameter is adopted the length of bearii 
required would be 32*8 -:- 6*5 = 5 inches. Forthis h 
of bearing I should prefer a larger diameter to gain e 
rigidity and obviate the wearing unduly of the bearings cm 
the inner edges. 

There are several ways in which these bridges may b 
opened and closed. If it is to be done by hand power, t 
trunnions E are made long enough to pass through the 
hearing blocks, and have worm-wheels fixed on their outer 
ends, or they may be carried farther, so as to have another 
bearing beyond the worm-wheel, and so obviate bending 
stress from the action of the worm. A worm-wheel is a 
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kind of toothed wheel, but the teeth are cut to receive a 
worm or screw fixed on a shaft /, by the revolution of 
which the worm-wheel is turned round ; the worm- wheel is 
in fact a continuous section of part of a screwed nut. The 
great advantage of this combination is that the worm or 
" tangent screw " holds the worm-wheel in any position, and 
so acts as a lock to keep the bridge-leaf in any position 
required. 

Another method consists in fitting the trunnions with 
toothed wheels in which racks gear, then by the direct 
movement of the racks the trunnions are rotated, and the 
racks may be conveniently operated by hydraulic machinery. 

If the work is properly designed and constructed there 
should be no tendency to either drop or rise when unloaded, 
and practically there need not be, as no movement can be 
made without overcoming the friction of the trunnions in 
their hearings ; hut to prevent vibration, locking bolts will 
be fitted to steady the bridge-leaves when closed, and relieve 
the trunnions of the weight of the counterbalances, so that 
the arches carrying the bridge shall take their whole support 
from the abutments H H. 

In some places lifting bridges, working in guides and 
raised by chains, have been constructed, but this method is 
not applicable to works of any magnitude; very strong 
towers would be necessary, and the chains woidd be cum- 
bersome, and some difficulty might arise in keeping the 
bridge level in raising and lowering. In the turning, 
rolling, and " bascule " bridges the opening apparatus has 
merely to move the structure, not to support its weight as 
well 






CHAPTER XV. 



IRON AND STEEL PIEIJS. 



The piers used for the supports of bridges and viaduct) 
may be placed in three classes : masonry piers ; iron c; 
tiers or caissons filled with concrete or masonry, or a com- 
bination of both ; and piers built up of groups of columns. 

In the second class the iron serves the purpose of 
holding the materials togethor until they have set, but has 
no part in the subsequent support of the superstructure; 
the third class, grouped columns, is that with which I si 
deal in this chapter, the load here rests directly upon thu 
iron or steel used in the construction of the pier. 

Fig. 93 shows an elevation of the top tier of colum 
pier of this class ; a plan with the top girders removed a 
shown in Fig. 94. 

It will be seen from these illustrations that the columi 
are so braced together, both vertically and horizontal!) 
that the height of each, for the purposes of calculation, i 
that of the height of the tier to which it belongs ; so tha 
by this arrangement, we may have a pior of any practical), 
height, without lowering the working resistance per a 
tional square inch of the columns. 

In the example the pier is arranged to carry four girders 
A A A A, upon which the flooring of the bridge above 
carried. Thia is a very convenient disposition of g 
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for a double line of railway, as a longitudinal main girder 
comes under each rail. 

The tops of the columns are tied together and kept in 
position hy girders B B and B' B\ which also support the 
bed-plates upon which the main girders vest. These bed- 
plates and the bearing -plates will be dealt with in a sub- 
sequent chapter. 

The columns CCCC are the bearing columns, and 
C C' are "raking" columiiB to give lateral stability to 
the pier, though, for that matter, the columns C have 
a slight rake, to give the pier a broad base. 

The columns are braced vertically — or nearly so — by the 
bare d, and horizontally by the bars ef and g. All thes 
bars, except those marked g, should bo of rigid section. 
For the bars d, tee-irons or steels, placed back to back, are 
very suitable, and the bars* and/, which havo to act mostly 
as struts, should bo of I section. The steel joists, rolled for 
builders' work, will come in very well for this purpose. 

For the piers of a viaduct of moderate height up to 
about 80 feet from the ground, or river-bed, as the case 
may be, 10 feet is convenient for the height of each tier of 
columns; a greater height reduces tlio efficiency of the 
bracing-bare d, as the horizontal distance between the 
central columns is only C feet, anil that from these to the 
outer bearing columns 5 feet, measured, of course, from 
centre to centre of the columns. 

For these structures then we at once got a working 
stress from the formula previously given— for caBt iron, 
with 6 as a factor of safety, and 1 foot for diameter 



of column — 

= 48 tons per sectional square inch. 
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For structures of this kind it will be difficult to displace 
cast iron by wrought iron or steel tubes, for if these latter 
are iwed they must have cast metal caps and bases to 
supply lugs for the connection of bracing-bars; or else 
have a number of angle-pieces riveted to them for this 
purpose, and then it is exceedingly difficult to get enough 
rivets to take the stresses, and these always look clumsy 
and unreliable. Where no lug connections are necessary, 
an angle-steel ring will serve to connect, with a steel cap 
or base, all wrought ; but although solid steel tubes can now 
be bought up to 20 inches diameter and J inch thick, yet, 
unfortunately, no experiments upon their resistance to 
pressure as columns are available for deducing formula of 
practical utility. 

Built-up columns of wrought steel may be treated by 
the formulas used for angle, tee, and channel -steels, but 
such columns are not suitable to be used for high piers, 
though they are very useful for ground work, and the ribs 
by which the segments are connected serve for the attach- 
ment of such bracing bars as are required. 

In one instance in my own experience rolled-iron joists 
have been used in place of columns for a railway viaduct iu 
the neighbourhood of Halesowen. Four joists, 12 inches 
by 7 inches, were used in tier to carry a single line of rail- 
way, the height of the centre pier being about 100 feet. 

Figs. 95, 96, and 97 show details of the connections of 
the bracings with the columns. In determining the sections 
of these bracings we are by necessity guided by experience 
only, for there are no data upon which to base calculatic 
of stress. 

For piers of this type I have always used 6" x 3' 
teo-irons for the diagonal ties d, and generally the same 
the horizontal struts c, until rolled joists were availal 
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when G" x 4" x j" bars became available. Now a 5" x 41' 
steel joist would be more convenient, and is more rigid than 
a tee-iron. 

Fig, 95 shows the ends of the struts e and the bracing- 
bars d in position upon the bolt h, which passes through 
lugs cast on the column, but not shown in this figure. The 
flanges of the strut e are cut away at the ends, as is also 
the web of the tee-iron d, to allow the ends of the vert 
limbs of each to pass between the lugs i i of the columns 
as shown in Figs. 96 and 97. 

These ends will fit freely between the lugs, and the b 
be screwed up only tight enough to prevent their turning 
in the holes in the lugs. If rupture of the bracing occurs 
it will be most likely by breaking of the lugs through the 
lines k k, Fig. 97. • 

The holt /i should be made, in double shear, equal ii 
strength to the end of the tee-iron d, with the web off. 
sectional area will he 6" x i" = 3 square inches, without 
deducting the bolt-hole ; the working resistance of this a 
in tension will be 3 x 5 = 15 tons, and the sectional a 
of bolt required to sustain this will be 15 -f- 4 = 3'7I 
square inches, therefore in each shearing section 3'75 
2 = 1-875 square inches, which is given with some margi 
by lfc-inch diameter. 

The ultimate strength of cast iron in tension — suci 
qualities as are generally used for bridge work — ii 
7 tons per sectional square inch; so with 6 as a 
of safety, the working resistance will be 7 ~ 5 — 1'4 tons 
per sectional square inch. Then the required area on th 
planes k k will be 15 tons x W tons = 10-71 square 
inches. If we make the distance m from the bolt-hole t 
the outside of the lug '2\ inches, the lugs will each have t 
he 2 inches thick. 
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get the full strength of the tee-iron its table must bo 
thickened up by welding a piece on to the end up to where 
the web is cut off. 

The fitting together of tho columns is a matter of great 
importance, for if those joints are not accurately made, 
there will be a serious loss of rigidity. 

The best form of connection that can bo used is shown in 
Fig. 98. The lower column '.-' is band accurately for a short 
distance, H inches is ample, at its upper end, to receive a 
turned spigot e e, at the base of the upper column (..". 
The faces of the flanges f aro also turned or faced exactly 
at right angles to the axis of the columns, and in these 
tlangea bolt-holes are drilled to templates to ensure exacti- 
tude of position, and tho columns are bolted together with 
turned bolts g. Such a joint is equal to solid metal. 

The bases of the bottom tiers of columns will be formed 
to suit the foundations upon which they rest ; if upon 
masonry, the bases will be made square, with brackets 
running from tho column-shafts to their edges, to distri- 
bute the load and prevont fracture of the bases through 
transverse stress arising from unequal pressure. 

In bridges over rivers, and viaducts over estuaries, wo 
have different foundations to deal with. 

The Kent and Lovon Viaducts, in the north of England, 
are earned on "disc" piles, the foundation being sand. 
These disc piles are columns with round bases, upon which 
are cast ribs on the under side to loosen the sand by turn- 
ing thorn to and fro, tho loose sand being blown out from 
under tho pile by a jet of water from a tube passing 
through it ; when a sufficient depth for stability was 
reached a few blows from a tup upon the head of the pile 
solidified the sand beneath it. 

For such piers, especially in alluvial soils, screw piles 
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have been very largely used. The bottom column is 
made, or fitted, with a broad screw thread of about one 
and a quarter turns, and this not only serves to draw the 
pile down into the soil, but also supplies a good bearing 
surface as well. These are also very convenient for land 
viaducts on clay or shale strata, provided there are no 
boulders or pieces of rock to obstruct the progress of the 
screw. 



CHAPTER XVI. 

BEARINGS AND BED-PLATES. 

Is designing the bearings for bridged provision is to be 
made for changes of length, caused by variations of tem- 
perature and stress, and also for movements accompanying 
deflection. In England the range of temperature is about 
81° Fahrenheit, and in large bridges this is found to cause a 
variation in length of 1 inch in 150 feet. This expansion 
is about equal to the extension of wrought iron under a 
stress of 6 tons per sectional square inch. The other move- 
ment to be accommodated is the rising of the ends of the 
girder on the abutment caused by the deflection between 
the points of support. 

The dimensions of the bed-plates will be regulated by the 
material upon which they are to rest ; if they are carried 
by brickwork the load upon them should not exceed 3 
tons per square foot, but on sandstone the load may be 
increased to 15 tons per square foot; if cast- iron piers ci 
the bed-plates, 7 tons per square inch may be applied, j 
4 and fi tons respectively for wrought iron and steel. 

A bridge of 200 feet span, carrying a double lino of r 
way, will have a in.ixinmm total load of about 4J tons p 
lineal foot, and this will put upon each of the four bed-plat 
ressure equal to {4'5 x 200) -M = 225 tons; this 
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Fig. 99. 



Fig. 100. 
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Fig. 101. 




Fig. 102. 
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Fig. 103. 




Fig. 104. 
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require a bearing surface on stoue of 15 square feet, say 5 
feet long by 3 feet wide; if such a pier were built in brick, 
the load would have to be distributed over it by large bed- 
stones. 

The simplest combination of bed-plates is shown in Fig. 
99 in side elevation, and in end elevation in Fig. 100. To 
the bottom of the end, .1, of the main girder is bolted a cast- 
iron plate, B, by bolts, D D ; the underside of this plate is 
accurately planed, and rests upon the planed upper surface 
of a bed-plate, V, which is secured by holding down bolts 
E E. The top plate slides upon the lower when variations 
in length occur, and the lower plate should be longer than 
the upper one to allow for this movement. This arrange- 
ment is commonly used for short spans, as there is no pro- 
vision for deflection movomeuts. In order that the bearing 
may be practically uniform, two or three layers of felt are 
sometimes placed under the bed-plate, C ; this will yield 
sufficiently to accommodate the slight rise of the girder end. 
These expansion plates are, of course, only required at one 
end of the girder, the other end may be firmly bolted down 
to the pier. 

An expansion and rocking arrange men t is shown in Fig. 
101. The plate A is bolted to the bottom of the girder 
as before, but it has on its underside a cylindrical channel 
truly shaped out to fit a convex projection upon the top 
of the under plate B, This plate has its underside truly 
planed to rest upon small rollers as shown, which rest upon 
the bottom bed-plate, D, which is secured by holding-down 
bolts, E E E. A frame of light bars, C C, surrounds the 
rollers, with holes in its sides to receive their end pins and 
keep them in their proper relative positions. The rollers 
will vary from 2 to 6 inches in diameter according to the 
size of the girder supported by them. 
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Another form of rocker is shown in Fig. 102. Here 
top and bottom plates both have cylindrical recesses 
which fits a pin, C, upon which the end of the girder 
rock ; the periphery of the channels in the plates A and 1 
will be made about one-third of a complete circle to allow 
the necessary freedom of movement. Eockers will be re 
quired at both ends of the bridge, and should be made of 
Bessemer or Martin -Siemens steel. This is more easy to 
make true than the arrangement in Fig. 101, aa the pin can 
be turned in an ordinary turning lathe, and the channels 
in plates A and B trued up in a boring machine. 

If the bridge has an iron or steel flooring it will expand 
and contract in its width as well as its length, so that 
path of expansion is along diagonal lines joining its opposite 
corners, and in this direction, therefore, the bed-plale 
should be set, otherwise there will be lateral sliding upon 
the rollers which may tend to jam some against the frami 
and damage it. 

The main girders are made with a slight rise or camber 
so that when deflected the line of the bottom flange shall 
drop below a straight line drawn from one end to the other 
the amount of this camber is usually made 1 inch at the 
centre for every +0 feet of clear span. 

Arches, as weli as girders, vary their dimensions with 
change of temperature, but they do this by rising or sinking 
at the crown. This will cause some slight movement at the 
haunch which may be provided for as shown in Fig. 103. 
The end, A, of the arch has a convex casting, B, bolted 
to it, and this ends in a cylindrical socket in a casting, 0, 
which is built into the impost of the abutment. 

I have seen the device shown in Fig. 104 applied to an 
arch of about 120 feet span, but in my opinion it is very 
objectionable, and I only introduce it here to point out 
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its disadvantage* lest the example referred to should be 
followed by any of my readers. 

The end A of the arch is made slightly concave, and it 
rests against a casting, B, which has a convexity of a slightly 
smaller radius upon which it rolls. Now, in this arrange- 
ment, it is obvious that the bearing surface brought into 
action is a very narrow strip depending for its width upon the 
amount of compression of the materials at the line of con- 
tact, and this may be so small that the ultimate crushing 
strength of the material may be closely approached. 

An analogous contrivance has been used on some Austra- 
lian railway girder bridges, the bearing-plates at the ends 
having convex under surfaces which rest upon flat bed- 
plates ; the same objection applies here as in the last case. 
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The greatest amount of care bestowed upon calculating 
and designing a bridge will be wasted if the material used 
falls short of the standard adopted as a basis, therefore the 
preparation of the specification is only equalled in import- 
ance by the means to be taken to ensure its faithful 
observance. 

It is necessary to guard against excess of any sort in draw- 
ing up a specification of materials and workmanship so that 
nothing shall be specified which is not easy of attainment; 
first, then, we must ascertain, if we do not already know, 
what class of material is available in the district in which 
the work is to be executed — it is useless to specify iron with 
a tensile strength of 24 tons per sectional square inch if 
none of higher tenacity than 22 tons can bo obtained ; and 
on the other hand if the work lies in a district where 25-ton 
iron is usually turned out, it is wasteful not to take advan- 
tage of the higher strength to reduce the weight of metal ir 
proportion. 

I have tested many samples of wrought-iron r. 
bars which have reached a tensile resistance upwards of '2 
tons per sectional square inch in both Staffordshire a 
Yorkshire, and the uniformity of iron is more reliable th; 
that of mild steel. 
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According to Board of Trade regulations, in bridges carry- 
ing railways cast iron must not be used under any but 
compressive stress, so that it is practically limited to columns 
and arches. Its breaking strength is not to be less than three 
times the dead load plus six times the maximum live load. 
Cast-iron struts have been used in t ri angular- we bbcti girders 
in conjunction with wrought-iron tie-bars, but as the expan- 
sion rate is not the same for the two metals such a com- 
bination is liable to internal stresses in addition to those 
caused by the load, and there are no means of calculating 
the intensities of such stresses, therefore it is safer to keep 
the work all in one material. The same authority fixes the 
maximum stress on wrought iron at 5 tons, and on mUd 
steel at 6J- tons per sectional square inch. 

Bridge steel is usually specified to have an ultimate tensile 
strength not less than 28 nor more than 32 tons per 
tional Bquare inch ; a higher limit is fixed, as otherwise the 
steel supplied might be too hard for girder work. For 
wrought iron a minimum limit only is specified, and if the 
Board of Trade working strength is adopted, tho ultimate 
tensile strength should not be less than 22 tons per sectional 
square inch. 

Tests of extension, and contraction of ruptured area, 
also used ; mild steel should extend by 20 per cent, in a 
length of ten inches before rupture and show 25 per cent, 
reduction of area, and wrought iron should have an exten- 
sion of 10 per cent, before fracture. 

Cast iron should show a grey fracture, and not break 
under a tensile stress less than 8 tons per sectional square 
inch. In transverse stres3 a cast-iron bar 3 feet span, 2 
inches deep and 1 inch wide, should not break under a 

.tral load less than 25 cwt. 

wrought-iron work the stresses should always rim 
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the direction of the length o! the plates, as the tei 
resistance to cross stresses is less than in the longitudii 
direction — the direction of the grain as it is termed. 

Test picccB should be taken from every charge of wrou; 
iron and steel, and in cast iron, test bars are to be suppl 
from each charge for experiment. 

The effects of manipulation upon the materials must 
enquired into. Punching damages both iron and steel, 
where it is used the holes should be broached out afterw: 
to remove the deteriorated parts. The most satisfactoi 
course, however, is to drill the holes out of the solid, and 
suitable multiple-drilling machines are used, I do notthi 
drilling costs any more than punching. 

Then there is another great advantage- with drilling, which 
is that a number of plates can be cramped together and the 
rivet-holes drilled through the whole thickness at one opera- 
tion, which will ensure that the rivetholes have their 
axis common ; when the plates are either punched ordrilli 
separately there is the chance of some of them 
out of centre, and wherever this occurs a ridge will 
formed on the rivet, and this will weaken it, for it will 
as if it had commenced to shear. 

In works of any magnitude the riveting up is genu 
done by hydraulic riveters, which give a better result 
hand riveting, because the rivets are closed much mi 
quickly, and so do not have time to cool before the head 
completed, and the result is that in contracting as they cool, 
they draw the plates very firmly together, and the more 
firmly the plates are pressed together the greater will be 
their friclional resistance to moving one upon another. 

The limit of the pressure that can he thus got upon 
plates will be equal to the sum of the cross-sectional 
"* the rivets multiplied by the elastic limit of the rivet-ii 
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&r steel. This elastic limit for steel is about 60 per cent of 
its ultimate strength, and in wrought iron about 30 per cent 
of die breaking load. 

The rivets are to be so proportioned that the heads will 
not strip off or break under a stress less than that necessary 
to pull them asunder across the body, and in the same 
manner the heads and nuts of bolts are to have a holding 
strength equal to that of the body of the bolt at the bottom 
of the thread. 

It is very important that the threads of bolts and nuts 
should be accurately cut ; in former years we specified that 
they should be chased in a lathe, as the screw-cutting 
machines then only partly cut and partly squeezed up the 
threads, which often showed a ridge at the top of the thread. 
It is obvious that a thread so formed has very little strength, 
in fact not so much as a waste turning from a lathe. 
Merchant bolts should never be used for bridge work, and 
none should be passed which do not show a clean-turned 
surface over both body and thread, especially the latter. If 
the nuts are truly made no washers are necessary under 
them, and none should be permitted for ordinary connec- 
tions ; bolts and nuts will of course never be used where 
the work can be riveted together. 

In some of the colonies work which would here be 
riveted has to be bolted together, because native labour 
only is obtainable, and in such cases the bolt ends should be 
lightly riveted over the nuts to prevent their becoming loose. 

Large pins used in triangular-webbed girders and for 
chain suspension bridges are made with square threads cut 
in a lathe, and for the best work the nuts are secured from 
turning, either by a pin passing through each or a cotter 
passing through the bolt beyond the nut The pin fixture 
is the better of the two. 

R 
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Those largo pins should ho accurately turned and the holt 
in the flange-plates accurately bored out to fit thein, for any 
loose fit means rattle, and, ultimately, failure of the stru< 
tore, 

I will now deal generally with tho fitters' work on 
bridges, and what is necessary to prepare the parte for 
connection. 

Now, according to tho width of the girder flange it ia 
made of bare or plates. Bars are rolled up to 12 inches in 
width, but the technical difference between a bar and a plate 
is that a bar is finished in the rolling mill, but a plate has 
to have its edges sheared after leaving the rolls ; bo it is 
obvious that if we choose to specify it we can have any 
flange-plates rolled as plates, although their widths are 
under 12 inches. 

If only one plate is required for a flange a bar is suitable, 
but if two or more thicknesses are required, they should be 
plates, as they will require planing along the sides to bring 
them all to the same width ; they will also require planing 
at the ends. 

Tho allowance for planing flange-plates varies in different 
works, and also in different methods of ordering. In works 
executing only orders for first-class work it is usual to allow 
i inch for planing on sides and ends of plates ; in bridge 
works connected with rolling mills, or having their own 
mills, the plates arc ordered to nctt dimensions from the 
bridge department, the forgo managers putting on tie 
margin for planing, which will depend upon how truly they 
can shear the edges of the plates. 

So long as the widths of the plates are equal the actual 
width of flange will not matter to And of an inch ; but tho 
lengths should bo dead true, certainly in tho plates to be 
used in the compression flange, for if the joints in that are 
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open there are only the cover-plate rivets to carry over the 
stress. In case such bad joints should occur I always put 
in enough rivets to carry the stress, but this involves a waste 
of money that need not be incurred were we sure of getting 
a true fit at the joints. 

Fig. 105 shows a cross-section of a plate-girder 3 feet 
deep ; A and B are the top and bottom flanges, c the web, 
and DDD D the angle-irons connecting the wob with the 
flanges. Tee-iron stiffeners E E are used to give rigidity 
to the girder, that is, to stiffen the web C, and to resist 
twisting in the top flange A and its angle-irons. 

Riveting through the web and the vertical limbs of the 
angle-irons is sufficient for the web stiffening, assuming that 
the stiffeners are joggled to fit properly the draught of the 
main angle-irons, but the ends of these stiffeners must be 
cut to fit tightly the inner sides of the main angle-irons, 
otherwise no support will be given to the flanges. 

Fig. 106 shows a cross-section of a rolled girder A, with 
stiffeners B B. Now, from the form of the section these 
rolled girders always have thick webs in comparison witli 
plate-girders ; so here especially is it necessary that the 
stiffeners should be fitted to the draught of the flanges, 
which is about 8 degrees beyond the square for the steel 
girders rolled in England. As the rolled girders will — from 
one mill — always have the same draught the stiffeners can 
be machined to a gauge, there will be no need for hand 
chipping by the fitter. 

Fig. 107 shows a part longitudinal section of a bridge- 
floor with a distributing girder made with flange-plates 
passing above and below the cross-girders A A. These 
flange-plates B B are riveted to the flanges of the cross- 
girders, and connected between them by a plate-web and 
angle-frames C C, which frames are also riveted to tho webs of 
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the cross-girders. An example of this construction occurs 
in the bridge which carries the Great Northern Kail way 
over the Leeds and Liverpool Canal at Shipley, Yorkshire. 

In such work it is essential that the discontinuous web 
shall fit truly to the flange-plates and to the cross-girders, and 
therefore, that the angle-iron frames should all be alike, in 
fact interchangeable. It is not necessary that each frame 
should be in one piece, it may be made in two, the 
divisions being at d d; then each angle-bar can be bent in 
a hydraulic press in dies, which will ensure similarity. 

Fig. 108 shows a cross-section of a broad-flanged girder 
with cranked stiffeners. If there are only a few of these it 
may not be advisable from an economical point of view, to 
make a special die for cranking them, and in that case, they 
will be smithed, but he will be an exceptionally good smith 
who makes two exactly alike in measurement; if a fair 
number, say 60, are required, it will be cheaper to make 
dies and press them. 

Wherever the hydraulic press can be used for quantities 
of work, as against the hammer, there is about 30 per 
cent, saving in cost of labour and machining, and that is 
why better work can be turned out in large yards, at a 
lower cost, than that incurred in smaller establishments. 

I will now pass to work in cast iron ; the workmanship here 
commences with the pattern-maker, and finishes as far as 
the factory is concerned in the machining shop, where the 
caps and bases are turned or planed, as occasion may render 
most convenient. A great deal of responsibility rests upon 
the pattern-maker, for if he has a drawing given to him show- 
ing sections that will not probably stand the stress 4>f 
cooling, he should get permission to alter them; but 
assuming the drawings to have been made by a competent 
engineer, he will use bis discretion about draught on flanges 
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and similar matters, so that the pattern may leave the Band 
easily, and leave it clean, as to surface and fillets. I km 
only lately, well in the course of the past year, known ca 
iron stanchions to weigh 12 per cent, more than theii 
calculated weight, and this was due to the use of i 
made patterns which had to be knocked about to get then 
out of the sand. 

Columns and stanchions should be cast upright, so t 
no air or gas from the sand can settle in their substance, 
and the head of metal above should be sufficient to n 
the bubbles generated below. In the same way the segment 
of a cast-iron arched rib should be cast on end- 
nearest the abutment at the bottom, with an ample '' head'' 
at the upper end. 

It however happens, unfortunately, that not 
foundries have convenience for casting long columns 
cally, and therefore there is always a liability to sponginess 
in the body of the casting. 

The testing of a column for sponginess or inequality of 
thickness, is an operation for which facilities are seldom 
available ; thickness may be determined by drilling holes 
through the sides, but this— although the holes may bo 
plugged — muat weaken the casting. 

The only practicable test of uniformity, is to apply 
transverse stress to the column in four different positions, 
and note the deflection in each. To carry this out, the 
column is laid on supports, its base on one and its cap on 
the other, in such manner that its axis is horizontal; a 
central load equal to J of its calculated breaking weight is 
then applied ; after the deflection has been noted, the 
column is turnod one-quarter round, and the same load 
again applied, and the deflection noted ; the same test is 
applied through two moro moves of the column ; if the 
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deflections are equal in every test, the homogeneity of the 
column is perfect, but this is very seldom found to be the 
case ; if, however, there is not a variation of more than 
5 per cent in the deflections, the column may be passed as 
sound. 

In regard to the machining of castings, when true faces 
are required, they must be planed or turned — the emery 
wheel is not to be used for such work, and the caps and 
bases of columns must be faced square to their lengths. 

Iron is an exceedingly oxidizable metal and therefore 
liable to rapid deterioration by corrosion and rust. The 
slightest break in a protective coating serves as a starting- 
point whence rusting can extend along the metallic surface 
and into the substance of the metal as well. 

The molten iron used in making castings takes on a skin 
of sand which, if unbroken, forms a very good protection 
against atmospheric influences, but wrought iron and steel 
have no such natural covering, and therefore must be 
painted with some resisting matter to exclude the ravages 
of rust. In some materials — aluminium for instance — a 
coating of rust forms in itself a protection, but this is not 
the case with iron, for the red oxide will give up part of 
its oxygen to the metal behind it and take up more from 
the moisture in the atmosphere and so continue to extend 
the penetration of the material. If, however, this rust, or 
" minium " as it is called, is made up into a paint with 
oil, it makes a very useful coating and is commonly used 
for iron structures in the first instance next the metal, any 
decorative colours that may be desired boing put on after- 
wards. In the application of this first coating the greatest 
care must be taken to cover every part and leave not 
the smallest spot open to the air, or rusting will inevitably 
set in. 
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Iron ia also protected by coating it with tin, or zinc, the 
latter by a process miscalled "galvanizing," as electricity 
has nothing whatever to do with it. The iron sheets 
having been thoroughly cleaned are put in a pickle of 
commercial muriatic acid to remove any traces of oxide, 
and are then immersed in molten zinc ; when lifted from the 
zinc bath any excess of zinc runs off, leaving a thin coating 
of zinc on the surface of the iron sheets ; sometimes a little 
tin is added to the zinc, which forms a spray pattern on 
the iron. The molten zinc is covered with a layer 
ammoniac to prevent waste. 

In works of any magnitude or importance it is usual to 
appoint an inspector to watch the work during its execu- 
tion, and he, of course, must be a thoroughly trustworthy 
man, and above all things, beyond the suspicion of being 
workable by the manufacturers, to secure which he should 
bo liberally paid. It will bo his business to attend tl 
testing of all materials and keep an attentive eye on tl 
quality of the workmanship put into the job. 

All manufactured material is liable to flaws, and a simp 
means of detecting the existence of such is a great dt 
sidoratum. Saxby's magnetic test is convenient for tl 
purpose but it is not so widely known as it should be. 

If a bar of iron is placed in an east and west directit 
magnetically, and a small compass needle slowly passet 
in front of it, the needle will not be disturbed if the i 
is homogeneous throughout, but if there is any break in 
continuity of the material the needle will, on reaching 
point where it occurs be deflected. At the time of 
diHOrarj a great many tests were made in the dockya 
of riuilimm and Sheerness. Several bars were examini 
by the compass, and the points at which it deflected w< 
Djjwked by chalking or tying a string round the bar "■ 
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the bars were put in a testing machine and broken, and in 
all cases the bars broke at the places so indicated. In one 
test bar of 1-inch square forged iron, a piece of steel 5 inches 
long was welded. The needle detected the fault at about 
the centre of the piece of steel; the iron bar was 12 J 
inches long. 

From these experiments it is deduced that the mag- 
netic needle is capable of detecting the position of any so- 
lution of continuity, or flaw in iron bars of symmetrical 
form, though, of course, it would not be applicable to 
articles of irregular form. 

In testing for tensile resistance, extension of length and 
reduction of sectional area are taken into consideration. 
The piece to be tested should be planed in the centre 
of its length to exact dimensions, and two fine centre 
punch marks made 8 or 10 inches apart, the distance 
of these apart after the fracture will show the extension ; 
to find the elastic limit of the material the load must 
be repeatedly applied in increasing quantities until, when 
removed, the bar does not resume precisely its former 
length, we then know that the limit of elasticity has been 
passed. 

If such tests are not judiciously conducted, very mis- 
leading results may be reached, especially when the stresses 
are put upon the bars by means of hydraulic pressure. The 
tearing asunder of wrought metal takes an appreciable 
time after fracture has commenced, and it is, therefore, 
possible to run the stress somewhat higher to expedite a 
rupture that, with more time for action, would be accom- 
plished under a smaller stress. Now, directly the cohe- 
sion of the metal begins to fail, a sound becomes notice- 
able, and as soon as this sound is heard the application of 
further stress should be stopped, and time allowed to show 
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whether the test bar wilt break under the load already 
upon ic 

An indication oE uniformity of metal — or the contrary- 
may bo found by nibbing the sides and edges of the 
bar with chalk, and watching to see how it falls off when 
the bar is stretched ; if it falls off evenly the material is 
homogeneous, but if it cracks off on one side sooner than 
the other, it shows that that side of the bar is more ex- 
tensible and therefore of less density than tho other. In 
such a case tho bar will more probably commence to 
taar utmder on one side, the rent passing across to the 
other; if, however, the texture is uniform, both edges will 
tear at once, and this will be a stronger sample than tlid 
other, because it will be exerting its whole resistance at 
once instead of being torn through in detail. 

It is not to be assumed that permanent extension always 
involves a loss of strength, for in some eases the contrary 
effect is brought about, an example is found in iron and 
steel wire, which after the wire-drawing operation shows a 
greatly increased tensile strength, but it does not follow 
that bars permanently stretched, without at the same time 
undergoing lateral pressure, will receive any accession of 
strength. If a bar or plate has been badly worked, or 
cooled too quickly in the rolls, it may well happen that its 
molecules will not have fallen into their normal positions, 
and under such circumstance there will be internal stresses 
which are not ascertainable, and it is reasonable to think 
that a heavy stress, exceeding the elastic limit, may allow 
these molecules to so re-arrange themselves that tho in- 
ternal stresses disappear and the strength of the whole 
sectional area becomes available. 

The amount of detleetion caused by a given load is 
frequently used as a test of the strength of materials. It is 



shown by calculation, and proved by experiment, that while 
the elasticity of a bar under transverse stress remains un- 
impaired, the amount of deflection will be in direct ratio to 
the load applied — other conditions of course remaining 
Unaltered. 

The modulus of elasticity is very variable and difficult of 
determination by any direct force, therefore the elasticity of 
any particular parcel of metal is easiest found by experiment- 
ing with transverse stress. 

To find the modulus of elasticity ooly light loads should 
be used so as to keep well within the limit, for as that is 
approached closely irregularities are liable to appear. This 
being determined, the limit of elasticity is found by loading 
the bar till it takes a " permanent set " ; it docs not follow 
that it will retain the whole deflection impressed upon it, 
but it will not return immediately to exactly its original 
form, nor after a lapse of time, but sometimes an apparently 
permanent set will be recovered if no other load is applied 
for a while. 

When the amount of this deflection is ascertained we can 
fiad what deflection should be allowed as the limit of safoty, 
for it is obvious that tho constant repetition of a load that 
produces a permanent deflection will ultimately lead to 
destruction. 

Tho great advantage of the deflection test is that it can he 
applied without involving the destruction of the work tested, 
and is therefore applicable to a completed structure, and 
will show if any part is defective by irregularity in tho curve 
of deflection, such part— which may havo a flaw ii 
then be removed and replaced by sound material. 

Dealing with a completed girder is a very different tl 
from experimenting upon a solid bar, or a, soWo. tisSAtotv.^ 
cast-steel girder— in the latter the yjemia.uei& wfci can. «^i 
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indicate molecular distortion, but in the girder there ii 
another kind of "set" which 13 due to defects in 
man ship. 

It is very easy to conceive that when a girder has been 
riveted and bolted together on a platform that there will 
be no bearing stress upon the rivets and bolts to draw them 
up to their bearings, and it is exceedingly improbable that 
their fit to the holes they are intended to fill will be identical 
throughout the work ; therefore when the supporting plat- 
form is removed, and the girder has to carry its own weight, 
the joints will most likely draw to some slight extents- 
enough to give the whole gird«r a slight permanent set, and 
when, in addition to its own weight, it has a useful load to 
carry, this set will bo increased, for tho resistance of friction 
of tho riveted plates may be further overcome, until the 
solid bearing of the rivets and bolts in their holes arrests all 
further movement except that permitted by the elasticity of 
the solid metal. 

This condition being reached, the girder has assumed a 
form to which it will return after every passage of a load, if 
its proportions have been properly adjusted to the loads to 
be carried. 

If, howover, it is observed that a gradual increase of per- 
manent set is occurring, this is an indication that the elast 
limit of the material itself is being exceeded, and the woi 
must be strengthened, otherwise failure will occur. 

The class of workmanship will have a most marked efft 
upon the strength of a structure, for it is obvious that 
punched work, even where the holes are broached out af 
wards, there is no certainty of all the rivets getting 
uniform a bearing as when the holes are drilled out of 
solid, and through all the plates at once that are to 
riveted together ; in this latter case we have at the joim 
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1 strength of all the rivets and the friction between 
ites in addition, whereas in the former case we may 
be strength of some of the rivets aided by the plate 
i, or we may get the resistance of most, or perhaps in 
ixceptional case all the rivets, but with the loss of the 
i of the plates, which must have slipped slightly to 
he rivets to take their bearings. 




CHAPTER XVIII. 

ESTIMATION OF WEIGHTS. 

When a bridge has been designed according to the first 
assumed loads, it is necessary to calculate its weight in 
order to see if a sufficient addition to the previously known 
loads has been included in calculating the stresses. 

The calculation of the weights of iron and steel work is a 
simple matter ; a plate of wrought iron 1 foot square, and 
J-inch thick, weighs 10 lbs. ; therefore, a bar 1 inch square 
by 1 yard long weighsalso 10 lbs., or 3$ lbs. per lineal foot 
Mild steel weighs 2 per cent., A-, more than wrought ii 
Cast iron weighs 38 lbs. per square foot, 1 inch thick, o 
3J lbs. per square inch of section per foot run. Th 
weights of different brands of cast iron vary widely, bu 
this is the weight that should be specified for bridge iroL 
Fillets, stiffeners, brackets, and other similar parts are take 
off in cubic inches, and as there are 144 square inches in 
square foot, the weight of 1 cubic inch is 38 lbs 
inches = 0'263 lb. 

The multiplier to be used will depend upon the characte 
of the work to be dealt with ; thus, if we have a girder c 
uniform section throughout, we should work on the section* 
area. To take a Bimple example, let the weight be dete 
mined of a girder, 40 feet long x 4 feet deep X 15 inches 
iride on tho flanges, and let each flange consist of two plat 
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each J-inch thick; let there be tee-iron web stiffeners, 
6 inches x 3 inches x i inch, every A feet of the length 
on both sides of the web. There will be required a cover 
joint plate, 6 feet long, for each flange. The web is 
to be taken as f-inch thick, and the angle-irons joining 
it to the flange-plates as 3J- inches X 3£ inches x i inch. 
Each of these will require an angle-iron joint-cover, 3 feet 
long and of equal sectional area. These covers are rolled 
with round backs instead of square corners, so as to fit into 
the roots of the angle-irons to be connected. There will be 
the end angle-iron, and end-plates £-inch thick, and the 
bed-plates 2 feet long, each under the ends of the girder — 
these f-inch thick and the rivet-heads also to be allowed 
for. The tee-iron stiffeners and end angle-irons will be 
taken as having their ends joggled over the main angle- 
irons, so no packing-bars will be required under them. 

The web-plates will not make up a length of 40 feet, as 
i inch will be taken up at each end by the end-plates, and 
in other parts there will also be slight reductions, but these 
are not appreciable so far as our purposes are concerned, 
and therefore the gross dimensions will be taken. 

I think I shall make this calculation of weights clearer by 
taking the items in detail, than by scheduling them without 
further explanation, and shall therefore adopt the former 
course. 

Wei will take first, the running section which comprises 
the web-plates, the flange-plates, and the main angle-irons ; 
the vertical sectional area of the girder will be, 

Web, 48 ins. deep x f in. thick . . . ■= 18 square inches 
Flanges, 4 plates, 15 ins. wide x J in. thick — 30 ,, ,, 
Angle-irons, 4 bars, 3J ins. x 3 £ ins. x | in. 

*4 x 6} ins. x J in = 13 „ ,, 



61 
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The weight per foot o! this section will be 61 squart 
inches x 3 3& lbs. ^ 20338 lbs. per lineal foot, and the 
total weight 

= 61 feet x 203-39 lbs. = 12,403 lbs. 

decimals are dropped as inconsiderable. 

There will be four angle-iron cover bars of sectional area 
equal to that of the main angle-irons, which is, for each 
{3-5 x 3-5 — 0'5}x 0-5 = 3-25 square inches. 

This wilt give a weight per foot run = 3-25 x 3-33 = 
10-88 lbs., and the total weight of the angle-iron covers 
will be, 

= 4 x 3 feet x 10-83 lbs. — 130 lbs. 

There will be four end angle-irons, of which the weight 
will be, 

= 4 x 4_feet x 1088 lbs. = 173 lbs. 

The weight of the two end-plates and of the cover-plats 
for the flanges may be taken by surface measurement, two 
end-plates at 4 feet long each and two cover-plates 6 feet 
make a total length of 20 feet, the width is 15 inches 
1 '25 feet and the thickness i-inch, giving 20 lbs. per square 
foot, so the weight of these plates will be, 

20 feet x 1-25 feet x 20 lbs. = 500 lbs. 

The sectional area of the tee-irons is {6" + 3 — 1} x 
ss 4-25 square inches, and therefore its weight per line* 
foot = 4-25 x 3-33 = 14-17 lbs. The length of the gird< 
is divided into ten bays, therefore there will be nine te 
irous on each side of the web, each tee-iron being 4 fe 
long ; the- weight of these will be, 

No. IS x * feet x Ul" lbs. = 1,020 lbs. 
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These weights can now be added together and five per 
cent, allowed for the weight of rivet-heads, this being found 
ample in practice for work of this class. 

Web-plates, flange-plates, and main angle-irons . = 12,403 lbs. 
Angle-iron oover-bars . . = 130 „ 
End angle-irons . . -» 173 ,, 
End-plates and flange coyer-plates . — 600 ,, 
Tee-iron stttfeners = 1,020 „ 

U,226 „ 
Ten per cent, allowed for rivet-heads . » 1,422 „ 

15,648 „ 
a> 6*54 tons. 

When the weights are taken off for estimation of cost the 
different forms of iron must be classified, thus the plates 
will be brought together for one item, which may be sub- 
divided if the sizes vary sufficiently to have different values 
per ton ; in short the metal must be classified according to 
the quotations for different sections, lengths, and widths. 

I shall not touch upon the question of cost, it would be 
useless to do so, for that which is written to-day as to 
prices may be wrong to-morrow, and an estimate of cost of 
labour this week may be upset by a strike next week ; 
therefore printed information would be misleading, in this 
direction, to any who relied upon it. 

However, leaving the prices alone, I may indicate the 
course to be pursued in preparing a bill of quantities for 
pricing. ' 

In such bills the nett weight of the finished work will 
be inserted, but waste must be charged for, and therefore 
the draft schedule will be different from that of the finished 
work, wherever waste occurs. 

Wrought-iron bridges have been constructed with flange? 

a 
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plates tapered on plan ; I remember aome that were made 
for Itussiain 1S70 on such designs; the plates were rolled 
more or less parallel and sheared to the required curve, 
but this made a considerable waste, which was of course 
taken into consideration in the price. In ordering plates 
from the mills an allowance is usually made for planing 
edges for beat quality work about A to i inch on all sides, 
this will give a percentage which must be added to the 
prime cost as applied to nett weights. 

On the ends of bars there is also an allowance for planing 
which will be treated in the same way. The amount of 
such percentages should be accurately ascertained in each 
case ; averages aro guess-work when applied to individual 
works. 

The engineer who is capable of designing a bridge should 
also be able to calculate its weight to within 1 or 1J per 
cent., but to do this he must be conversant with the custome 
of the rolling mills. 

There are two ways of letting a contract for bridge work : 
one, so much per ton ; the other a lump sum for the whole 
work. Which course is followed will depend upon circum- 
stances outside the scope of this work, but in either case 
the engineer must take care that his clients have full value 
for their money. 

Such heavy work as that with which we are dealing is 
generally paid for upon the basis of calculated weights, so 
precautions should he taken to secure, as far as possible, that 
the bars and plates used should come up to their calculated 
weights; although it is not convenient to weigh a large 
girder, yot plates and bars may be weighed before they are 
used to ascertain if tho sections eomo up to tho weights 
spo«M Instead of specifying sizes only, weights per 
f' marked upon tho drawings; thus instead of 
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marking an angle-iron 3£" X 3° x i" it can be marked 
3" x 3" x 10 lbs. per foot. A tee iron similarly could 
be figured 6" x 3£" X 15 lbs. per foot, instead of 6" x 3 J" 
X £". The same course may also be taken with plates and 
other sections. f 

Specifying weights per foot also puts the quantities on a 
fixed basis, which sizes alone will not, as there are differences 
in different mills; tee, angle, and channel-iron and steel, 
cannot be rolled without some draught or taper to allow 
them to come freely from the rolls and this will vary in 
different districts with the different qualities of iron pro- 
duced in each. 

In published tables of weights the sections are treated 
as absolutely rectangular, with no rounding off of arrises 
or filling of internal angles, and therefore although these 
weights are useful for rough estimates, contract drawings 
should be marked more definitely, and especially when the 
manufacturers invited to tender are not only spread over 
England and Scotland, but also established in Belgium and 
Germany. 



CHAPTER XIX. 

■BUS; MASONRY, AND CONCRETE PIERS AND ABUTMEKTS 
FOR IRON AND STEEL BRIDGES. 

In the majority of cases in ordinary practice iron and stcui 
bridge girders rest upon brick or masonry piers, or abut- 
ments, or on concrete columns encased in iron ; it is there- 
fore necessary that the iron and steel bridge designer should 
be acquainted with the principles and practice upon which 
the details of these parts of the structures are based. 

Bridges carried by girders, or by tied arches, put only 
vertical load upon thesupports, but very often those su]>j».>r! 
have some other duty in addition to carrying the bridgi 
The piers of a single-span bridge carrying a railway over 
public road will usually have also to act as retaining wal 
to the banks of earth behind them, upon which the railwa 
is made. It is therefore necessary to consider the conditions 
upon such piers, independently of the bridge load. I may 
mention that the dead weight of the bridge will increase tho 
stability of the pier, but in case of renewals or alterations 
in the future, the wall or pier should be made of sufficii 
stability to uphold the earth behind it, without 
adventitious assistance. 

We must now determine the conditions of 
Edna upon a retaining wall, assuming that it is practically 
solid. 

Each hind of soil or earth has a slope at which it wi 
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stand, without support from artificial works, but if the bank 
of earth is to terminate in a vertical plane, a wall is required 
to support it. The angles of natural slope of different 
materials are shown in the following table :— 

Inclination of Natural Slopes of Earths, &c, to thb Horizon. 

Gravel . average 40 deg. , Shingle . average 39 deg. 

Dry sand ,, 38 



Sand . ,, 22 ,, 

Vegetable eartl* ,, 28 ,, 
Compact ,, ,, 50 „ 



Babble ,, 45 „ 

Clay, well dried „ 45 „ 
Wet clay . „ 16 „ 



In such a table only averages can be given, and the slopes 
proper to any particular districts must be found by inquiry 
or observation. 

The duty of the retaining wall now under consideration is 
to support a prism of earth which would, without such 
support, slip down. This prism acts as a wedge between the 
earth plane upon which it rests and the back of the retaining 
wall. It cannot actually slip without bringing into action 
the frictional resistance of its earth bed, and also the back 
of the wall ; but the latter is never taken into calculation, 
as the earth may be in very light contact with the back of 
the wall, in which case it might start to slip before the 
vertical friction could act to retard its motion. 

Fig. 109 shows a vertical section of a bridge pier and 
the earth bank behind it ; a e is the top of the bank, and fd 
the ground surface upon which it rests, both taken as 

horizontal. Let c b be the natural slope of the ground 

that to which it would weather if left unsupported— /e a c is 
the section of the pier. Now, it does not follow that the 
slipping of the whole prism abc will cause the greatest 
pressure upon the pier, for although a part slipping would 
have less weight, yet the wedge would have a more acute 
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angle, so wo must find out what relation the prism of 
greatest pressure beat's to that of the natural slope. 

The angle of natural slope is also the limiting angle of 
friction, and tin's is intimately concerned in this 
tion, because when the earth prism is on the point of slippi 
the frictional resistance of ite bed comes into operation, 
the reaction from that bed is not normal to it, but at 
higher angle equal to the natural angle of repose set off from 
the normal to the plane upon which the earth prism would 
slip. 

Let eft be the line of slip corresponding to the 
thrust on the back of the pier, and for weights let one foot 
be taken along the face of the pier. 

Find the centre of gravity g of the triangle ach in tho 
usual way by bisecting two sides and drawing from the 
points of bisection straight lines to the opposite angles, the 
intersection of these lines gives the position of g. 

From y, draw the vertical line g i, cutting the line of slip 
c A in k ; from k draw a straight line k I at right angles to 
c h ; now if there were no friction along tho line c h, Ik 
would be the direction of the reaction of the earth sup- 
porting the prism ach; but when this prism of earth is on 
the point of slipping, the fractional resistance of the surface 
comes into action, and alters this direction by an amount 
equal to the limiting angle of friction, or angle of repose. 
Therefore, niako tho angle Ik m equal to the angle bed, 
then m k will be the direction of the reaction of the earth 
upon the prism a c ft. 

On tho vertical line ij i, and from the point of intersection 
k, mark off, to any convenient scale, k «, equal to the weight 
of the prism of earth a c A, and complete the parallelogram 
A o n p, then will k o represent the horizontal tl 
against tho back of tho wall. 
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The next step is to find the position of the line e k that 
corresponds to a maximum value of i o or 

Let 11 = the height of the wall in feet, and w = the 
weight of the earth per cubic foot, then the weight of the 
prism of earth will be, 

= a X g — 

Because a. i is vertical, and therefore parallel to ae, there- 
fore the angle « t c = the angle it e A ; k I is drawn at right- 
angles to c h ; the angle 1 k m is drawn equal to the angle 
bed; e d is horizontal, therefore n e </ is a right-; 
As the angles I m k and i tc( are equal, and n c t is equa 
to a c A ; if { A* nt 4- n i c be taken from the right-angle 
e kl, and the angles b c d + a e A be taken from the rights 
angle a c d, the remaining angle m k n will be equal to the 
remaining angle h cb. 

Produce the horizontal line j> n until it meets the line A 
in the point r, then the right-angled triangle k n r is similar 
to the triangle e a h, and its area varies as that of c a A ; a 
therefore as the weight of the prism of earth a eh; np 
ok. 

The horizontal thrust will vary as the area of 



knr x 



kn 



This variable quantity is now to be examined in order 
ascertain under what conditions it, and therefore I 
horizontal thrust, has a maximum value. 

The area of a triangle varies as its base multiplied by 
height (the area being = base X height -J- 2) ; hence t 
quantity with which we have to deal is 

SZ /,: a X 
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The ratio of r n to n p corresponding to a maximum 
product now remains to be determined. If r n is increased, 
n p is diminished, and the converse. When the value of 
the product is a maximum, then the quantity resulting from 
diminishing n p, and increasing n r by an indefinitely 
small quantity will be equal to that found by increasing np 
and diminishing n r by the same quantity. 

Let the indefinitely small quantity be represented by u ; 
then, 

(rn + t*) x (np -«) = (rn- t*) x (np + t*), 

whence, 

rip x u — rn x u =rn X u — np x u; 

therefore, 

n p = r n. 

Because the angles knr and k np being right-angles are 
equal, and r n = n p, and k n is common to the triangles 
knr and k n p, the angle r k n or c k n=m k n ; therefore, 
the equals of these angles a c h and h c b are also equal, and 
the line of slip h c bisects the angle acb when the horizontal 
thrust is a maximum. 

Let h c be drawn to bisect the angle acb, and the 
horizontal thrust determined as shown above ; then draw 
a vertical line s t through the centre of gravity of the wall. 
Produce the horizontal line k 0, cutting s tin the point v ; 
make v w = k 0, and v x = the weight of the wall. 

Complete the parallelogram v w y x; the v y will be the 
resultant thrust on the wall ; on the base line / c, this 
resultant should not approach the point/ nearer than one- 
quarter of the thickness of the wall, this will give as factor 
of safety 2. 

The horizontal thrust having been determined a formulae 
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Du; be found for the thickness of the retaining wall 
pier. The boriiont.il thrust has its centre of action at a 
point one-third of the height from the base of the wall; call 
the thrust T, then its overturning moment will be 

* = !•*§ 

If m 1 = the weight of the wall per cubic foot, and f =its 
thickness, then the weight of 1 foot length of the wall will 
be = r 1 x II x t. Its centre of gravity will be in the 
centra of its thickness, and therefore the moment of 
resistance to overturning will be equal to the weight of 
wall multiplied by half its thickness ; that is 

_ . t w'.H.f- 
= w>*Hx tx 2 = 2— 

If & factor of safety, 2, be taken, the moment of stability 
must aqua] twice the overturning moment, or, 

M*,a.p _ ., M _ it.h 






■ V n 



The question of footing areas to distribute the total 
loud I shall take up after dealing with abutment* for archo*, 
«lii.b next reqsin our attention. 

As lias been shown in the case of a tied arch, the korizmtd 
thrust at the abutment is equal to the thrust at the crown 
of the arch, if therefore, the centre of the abutment plate 
is h feet above the footings of the abutment, the overturning 
moment from the thrust of the arch will be, taking 7' as the 
horizouL ' 'hrust, 

M = T X *, 
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The total height of the abutment will be much more than 
h, as it will be carried up to the spandril girder, and the 
expression used before will apply for the moment of 
stability. In this case we have the pressure of earth 
behind the abutment assisting it to resist the thrust of the 
arch in front, but upon this we should not rely. 

Assuming the abutment to be of the same thickness 
throughout its height, and using the same factor of safety 
as before, 



= 2M=2.T.h 



therefore 



MT.h 
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It is also necessary to the stability of an abutment that 
the line of thrust shall not make with a line at right- 
angles to any longitudinal joint, an angle greater than half 
the limiting angle of friction, lest the masonry should slip 
one course upon another. In ordinary practice it is found 
that, with abutments giving the requisite stability 7 , hori- 
zontal courses will meet this condition. 

Solidity and uniformity of material must be insisted upon 
in the construction of piers and abutments in masonry ; 
inside rough work with facing bricks is not to be tolerated 
in structures such as we are now considering, and shells 
of brickwork filled in with concrete are best avoided, as 
constant supervision is necessary in such a case to insure 
the use of properly-made concrete. In some branches of 
trade any kind of ashes, I might almost say refuse, is 
thought good enough for making cement concrete, and 
even then the mixing is often as inadequate as the material 
to the purpose sought to be fulfilled. If a little unslaked 
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li [iic gets into this mixture it swells and bursts out the walla 
which should confine it. 

Instead of providing weight in these abutments, they 
are frequently built of sufficient length back from the 
bridge to let the line of thrust fall well within tho pre- 
scribed limit of base width, and the earth bank behind 
runs out at its natural slope before reaching the face of the 
masonry. 

The size of the bed-plates upon which the ends of the 
girders rest will depend upon the bearing capacity of the 
bod-stones immediately beneath them, and the size of the 
bedstones will depend upon the resistance of the masonry 
or brickwork upon which they rest, while the area of the 
footings of the pier must be adapted to the resistance oi 
the soil upon which the structure is erected. 

Using 8 as the factor of safety the working strength v! 
various stones — in tons per square foot— is given in the 
following table :— 



Material. 




Bars Load. 


Ji.it! ( Ihf.tliiru Sandstone . 


17 t 


oua per sq. ft 


Derby i^rit „ 


26 




Portlaud Oolite 






Liroy A 1 lercltwii (Sranite . 


39 




York whin.: paving Sandstone . 


4G 




Bramley-Fall ,, 


*8 






60 




Mount Sorrel Granite . 


109 




(-■Ornish Granite 


112 





Suppose we have a bridge 200 feet span, carried by two 
main girders, with a maximum load of 5 tons per lineal 
foot ; the total load will be 1,000 tons— 
bed-stone. If Portland si 
iron bedplates resting 



and stone is used for tho hod-stone, tho 
jog upon it will require an area of 
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3 SO ~- 33 = 7'6 square feet; so a plate 4 feet long by 
2 feat wide would give a margin of strength. 

Good red brick well laid with thin joints will carry 
10 tons per foot square as a safe load ; therefore, if this i 
used, the stone bed must be 250 —■ 10 = 2ft square feet in 
area, say 6 feet long by 4 feet 3 inches wide. The thickness 
of the stone should not be lees than its extension on each 
side of the bed-plate— 13i inches. 

Care is to be taken in selecting the bricks, as common 
bricks will not take a 5-ton load with 8 as the factor of 
safety, and furthermore, the bricks must he uniform in s 
and cleanly shaped, otherwise the joints wil! be too thick. 
Blue Staffordshire brick is very strong, taking a safe load 
of 17 tons per square foot, and it is therefore frequently 
specified for heavy works. 

If the bricks are veceBsed the mortar or cemont used 
should have a crushing resistance at least equal to that of 
the bricks, otherwise their fully bearing surface will not be 
available. Neat Portland cement after about three months 
has a safe resistance of 30 tons per square foot, and i 
therefore superior to any of the bricks and equal to some 
of the stones. This cement is also very valuable for its 
tensile resistance, which enables it to hold brickwork to- 
gether in a solid mass. The cement should weigh at least 
1 10 lbs. per imperial striked bushel, and should, after seven 
days, withstand a tensile stress of 200 lbs. per square inch 
of sectional area. 

The resistance of the soil must be ascertained in the 
locality where the structure is to be erected to find its 
ljeariug capability. From the weights of existing works 
we find that blue clay will bear from 1 to 17 Ions per 
square foot, and yellow sandy clay from 2 to 2'S tow*.-, | 
compact clay, 1-5 tons; compact sani, 1-*i \o 1'^ "wsi!»\^ 
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coarse gravel, 4-4 tons; clay and saml, after settlement 
ceased, has bomc as much as 9 tons. In some of the clayey 
soils of England a full load on the railway viaducts would 
put to 8 tona on the square foot, and the very high 
viaducts in the stone districts put a much greater load than 
this on their foundations. 

Suppose in the above case we find it is not advisable 
put a heavier load than 3 tons per square foot upon the 
bearing soil, there will be two bed-plates on each pier, and 
therefore a total load of 500 tons, which will require 
500 -J- 3 = 166-& square feet of foundation s 

If the bridge is one for a double lino of railway, which 
ia what I have in view in estimating tin; kinds, the width 
of the pier on the face will not be less than 30 feet, and 
therefore the thickness necessary at the base will 
166-6 x 30 = 5-55 feet. It is better not to let the brick- 
work, even if made up into blocks, bear directly < 
earth, a solid concrete foundation should first bo put in. 

Concrete piers are commonly made in a cylindrical shape, 
being formed in and subsequently protected by an iron 
casing, of which one form is shown in vertical sectional 
Fig. 110. This represents a cast-iron cylinder composed o: 
rings built up in sufficient number to reach the required 
height. Unless the bottom of the pier rests upon rock, > 
greater base area will be required than the area of the con- 
crete column above, and to obtain this tho lower rings o 
the cylinder are made of larger diameter than tho upper. 
The bottom ring has a shaqj lower edge E E to facilitate 
penetration of the soil. The rings D, resting upon 
cutting ring, should be kept of tho same diameter up 
ground level, where a reduction of diameter is made b 
conical ring C; of tho same diamotor as tho top of this r 
are the rings A and B above it. Tho top ring A is plaii 
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xte upper edge, and tlie bearing-stone II rises 2 or 3 ii 
abovo it, so tliat no superincumbent load comes upon il 
upper edge. All the rings are made with internal Han; 
F bolted together as shown. External flanges upon 
part to be sunk into the ground are inadmissible ; 
interior G G of the casing is filled up with concrete, brii 
or masonry, or a combination of them, but must always 
finished off at the top with masonry H. 

Three methods of sinking these cyclinders have been 
used : the vacuum ; compressed air and loading j and exca- 
vation and loading without compressed air. In the first a 
large vessel is exhausted of air and suddenly put in connec- 
tion with the cylinder, which, becoming partially exhausted, 
is subjected to the superior air [pressure above it tending to 
drive it down ; of course the bottom must be in air-tight 
soil. This process is ingenious but unsatisfactory. 

In the second method the cyclinder is charged with com- 
pressed air to lteep water out, and allow men to excavate 
the soil beneath the cylinder ; this process is eminently 
successful until great depths are reached, when the density 
of the air requisite to exclude the water interferes with the 
normal respiration of the workmen, who in such cases can 
only work continuously for short periods of time. The 
admission and exit of men and materials is managed through 
a system of air-locks on the top. The principle is simple, 
and involves only the use of an air-tight chamber which can 
be put into communication with the outer air and with the 
interior of the cylinder alternately. The necessary air 
pressure in the cylinder is maintained by air- com pressing 
pumps. If a man has to enter the cylinder the outer door 
of the air-lock is opened, and he enters that, closing the 
outer door air-tight. By opening a valve, air is then allowf 
to flow from the cylinder into tho air-lock until the pressi 



ved 
ure 
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is the same ia both, after which a door of communication 
lets the man through into the cylinder itself. In leaving 
the cylinder the course is reversed ; the air being of equal 
pressure in cylinder and air-lock, the man passes from the 
former into the latter, and the door of communication is 
closed ; the compressed air in the lock is than let out into 
the outer air, and when it has escaped the outer door is 
opened. The alteration in the pressure of air in the lock 
must be sufficiently slow, to prevent the dangerous effects 
that sudden changes of pressure would bring about, a 
internal pressure in the human body has to be adjusted to 
the external. When materials only are passing through, 
this precaution is unnecessary. 

The joints in the casing must be accurately faced, and 
rings of canvas smeared with white and red lead bolted 
between to keep them air-tight ; the flanges, F F, have 
brackets between the bolts to strengthen them. 

As soon as the cylinder, which is properly weighted at the 
top, has sunk to the required dopth, the bottom ring can be 
made water-tight by a layer of concrete, and this having set 
the air-locks may be removed, and the rest of the work done 
under normal air pressure. The concrete used must be of 
good and solid quality, 6 parts gravel to 1 of hydraulic 
lime makes a good material. If the cylinders are sufficiently 
small to require bracing together, lugs are to be cast upon 
the upper rings for the connection of the bracing bars. 

Another method of sinking cylinders in waterways is by 
excavating the soil within the weighted cylinder by means 
of the " scoop and bag." This implement has a sharp spoon- 
shaped cutting edge with a bag behind it, into which the 
soil dug by the edge falls ; this ie operated from above, and 
so can be worked under water, and no compressed air i 
required. Hydraulic concrete dropped t\vcw>.^o. "Cos -* 



274 IKI IN AND STEKI, UKIIJGE5 AND VIADUCTS. 

in the cylinder will make a water-tight bottom, and whan 
that has set the water can be pumped out and the filling 
completed. 

For perfection of method, the course taken in the con- 
struction of the centre pier of the Saltash Bridge, Cornwall, 
is worthy of careful study. The lower part of this pier 
consist* of a cylinder of solid masonry 36 feet in diameter 
and about 100 feet high ; above it are 4 huge cast-iron 
columns, upon which the main arch and chain-girders rest. 
It is with the lower part only of the pier I shall here deal 

A wroughtriron plate cylinder 37 feet in diameter and 
100 feet high was made, closed at the top and floated over 
the site of the proposed pier ; when it was judged from 
angle of flotation to be in the right direction it was allowed 
to sink by letting the air out ; it fell about 10 inches out 
centre, but was again floated and dropped within 1 inch 
the exact centre proposed for the pier. 

The top of the cylinder being removed, a diving bell was 
let down inside it, and in this the men worked, there being 
trunks running up to the surface for entrance and exit 
and removal of the excavated materials. 

Thus the cylinder was sunk through 30 feet of alluvial 
soil to the solid rock, into which it was built water-tight 
The bell and its appurtenances was then cleared away, the 
cylinder pumped out, and the mason set to work to build 
up the masonry pier within. After the completion of the 
building work, the cylinder plates were cut asunder by 
divers, and brought away. 

For piers constructed in iron encasements we are not 
confined to the cylindrical form. Small iron piles groovec 
on each side can be driven into the river bed, and flat 
curved plates slid down the grooves, and having sharp 
edges to penetrate the soil, and thus an iron coffer-dam 
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formed of any shape desired, for the grooves in the sides 
of the piles can be put in any position round the circum- 
ference. 

A solid foundation on loose soil may sometimes be formed 
by driving piles in at small distances apart and leaving their 
heads projecting up about 5 or 6 feet above the ground 
level, and then making this height up solid with concrete. 
The idea is that the concrete will spread the load over 
the loose soil, and that the piles will prevent lateral move- 
ment of the concrete. 

In some instances, a shifty sandy river-bed has been 
made into a good foundation by building a dam across the 
river up to bed level both above and below bridge, and 
concreting over to prevent the sand between from being 
washed out by scour or floods. 

It has been proposed to convert sandy soil into a solid 
foundation by injecting lime or cement into it through tubes 
sunk down to the desired depth, and sufficiently near together 
for the lime to be disseminated continuously through the 
mass, the tubes being raised as each layer is thoroughly 
saturated, but I do not know whether the process has 
proved satisfactory in practice. 
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ROSSEH; together with M;.r„.,„.iLi. ., I ..-.-;" Siiu ;■ ■■■ I ill..- - '-ill.: \V.,lei,„; 
of the Problems, by IlKMev Law, CK.. a„d 1'mf. j. R. Young . 7/0 

Navigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/B 

Mathematical Tables, 

ForTrieonome..icnl, Am ItoirhJdin 

l>vi-i : .si. .; i'-.. :■ ..i I ■ : i- lly II- Law, CE. I ■. 

:. .: S. ■. N,:i, ■■ 'I- ■:■■..■.-. liy I ,.l--...r I. 

R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Isle^l- ; ( Ji..ii.. Wive, and Hemp Ropes, 
gtO., rektiv,- ,. ..-..■: v. ..-■■. 1-. liy I:-- ::■ Km ,!-..., N.A. . 20 

Sails and Sail-Making. 

With Draughtinfi, and the Centre of Effort 

K-irnNC N.A 2/6 

Marine Engines and Steam Vessels. 

By K. Mo k bay, CE. Eighth Edition, thorinml 
lions by the Auh... ar.d by l.liu !;,,[■ C.u.i.i-.i.t-, CE. 

Iron Ship-Building. 

WithT>r.-ictical Examples. By JotlN Gbantiiam. Fifth Edilis 

Naval Architecture : 

An Expositiem ,Y !■ IrniLsitnrv TVi:i. ij.ili-s. I'.v Jambs PrAKI . 

Ships for Ocean and River Service, 

Principles of the Conilrucuon ...f. liy Hakhs A. So.1MKkFEt.DT . 1 .'8 

Atlas of Engravings 

To Illustrate the above. 'lu-.-K .- l.-.i-:- f,.!.. 1 .'.,; I'l.Hc. Royal 4(0, cloth 7/6 

The Forms of Ships and Boats. 

By W. Di.*™, Seventh Edition, revised, wlili Humeri 
Models 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 



ARCHITECTURE AND THE 

BUILDING ARTS. 



The Science of Building : 

An Elementary Treatise on the Principles of ConstnirtioT 



K."b.A. . °2^ 



A Book on Building, 

Uv.i .,-,■: !■, 



IT, Q.C. (Lord Cl. - 

■ - . .4/6 



Cottage Building. 

By C. Bnuck Ai.. k;.-. Eleventh Erihion. iviLli Chapter on Econo 

tates For Allotments, by E.E.Allhn, C.E 2/0 

Acoustics in Relation to Architecture and Building' 
r«HjfTTKooBB"s»rrji. !■ i: I i...\ ■- * J--!.n- n. » -t - % . . . r- . I . .'' 1/6 

The Rudiments or Practical Bricklaying. 

General Pri,„ i|.,k. .if liri, kL.viiii; I At. !, I h-a-lug, Lutting, and Settin 
Pointing; Paving, Piling. &c. By AuAM Hammond. With 68 Woodc 

The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With go Engravings 1 

Brickwork : 

A Practical Treatise, eint:o dying the General and Higher Principle* 

HrLcklavLn-, Cmi-'i .:. :i:i.L "111!.,;; willi Lb.- Aiiplitali.m ol Geometry lu K. 

Tiling, 4c. By F. Walks* 1 

Bricks and Tiles, 

Rlldi!l,elit:,rv It,-;. i, -c..n;:,.: M nr- 1 f.v: ! live 'J ; u.il'.ilining an Outline of 1 
Principles of Brickiiiiikini,'. By K- JJoiiSO", M.K.I.B.A. Addition* 
C Tomi.inson, F.R.S. Illustrated 3 

The Practical Brick and Tile Book. 

Comprising: Bj,:,k am, [in, Maki :..-„ by E. DnosoM, A.I.CE. ; Pr. 
tical Brick laving, by A. Ha:.i-.,.,:.i> ; )jbk.kwokk, by F. Walbe*. 
Sjopp. with^o Illustrations, strongly halF-bound .... 6/0 

Carpentry and Joinery 

TheElemetitakv PiiisaiiHwCJkmrBV. Chiefly composed fron 
.~i a n,l.ir 1 IW..rl ; ..ir, l..v, ,[„ M ., .,,;.;,.,■. |, Wil!i A.Hi.i,,,!., iinU'IVFA 
□N JotNEsv, byE. W. Tarm, M.A. Fifth Edition, Revised . 

Carpentry and Joinery-Atlas 

Or 3S Hales lo accompany wid, Ultimate v\,e C^ei.i^a book. ' 
Descriptive Lellerpress. *to. 



weale's scientific ADD technical series. 

* Practical Treatise on I land railing; 



e Cutv.lt..- 

k) BdWon 2/6 

Buof Carpentry : 

Practical Lcswim in the Framing of Wood Roofs. For the U« of W 
Carpenters. By Geo. CoLLDTCS . 

The Construction of Roofs of Wood and Iron ; 

Deduct .■:,:■■■:. ■ u-:. ■ i I Rattan, Tndnld, ■ inter. H, 

E. WvNt.HAII Tabu, M.A.. ArthiiwI. fecund Kdiiiopi, revised . 1/6 

The Joints Made and Used by Builders. 

By Wyvill J. C11915TV, Architect. With 160 Woodcuti . . 3/0 

Shoring 



Plumbing: 

A Text-Book to the Practice of It.,- An .>.- Crnfl .T the Plumber. With 

Chapters upon House Drjinocc and V.-.iiil.m,>... Il v IV11. I'aton IlL'CHAK. 

Sink Edition, revised and anVged, ■rich jSo Illustrations . . 3/6 

Ventilation : 



:. By W. Kara I 

House Painting, Graining, Marbling, & Sign Writing. 

With a Co... ■ l-.:.,.,<-,,l,,v I I,-:,:.,:,,. :„.l :. I ,.ll,-.-,i. -., ,.,f I'-.-lul ]V,vin t! . 

By EU.H A. Haviusos. S.ith lidinY.n. Coloured Plates . . c5/0 
•»" Th* nbtHXt 11 cluth boards, itruttgly &ohhJ, 6l. 

A Grammar of Colouring, 

Applied to Decorative !'jim..,j ,ni(l th» Arts, iiy C.rnii.-.e Fin n 
Edition, enlarged, hy Ri.l.h A. Davidson. With Coloured Plaits , 

Elementary Decoration 

v.Fackv. mmmti 

__, ..= Arrangement of Co! 

It, and t tmc.pleorOexoniivaUe.ign. y Jambs W. Fac.V- 

w Wort! .« 0« kiwhom, fat,, kalf-tvmd, nlilltd " Hous 



....... J, Lighthouses, Ships, &„ _, 

Qm«.» TOHUxsoH, F.R.S 3/(S 

Portland Cement for Users. 

By Hknhy Faija, A.M. Inst. C.K. Third Edition, Conected . 2/0 

Limes, Cements, Mortars, Concretes, Mastios, Plas- 
tering, &c. 

By G. R. Ht.RfjKtL, C.E. Thitlecnlli Edition 



. 



Quantities and Measurements, 

In Bricklayers', Ma»i»*. Plasterers', PI 
QMlH 1 , Smiths', Carpenters' and Joiner 

The Complete Measurer: 
HorroH. FifihEdUio™ " 

V ThttAm,ltrtmglyhu,mdh,h 

Ubt: 

An Inltndiich:::: t< 111-? l-ititiiM uf Clul'i.:-.. 



Glass, Timber and Stone. ByR. 



Hints to Young Architects. 

I ■.,■■:. > ■ ■■ ■ ■ ■ ■ ■ I ' . 

bjG. HUSKISSOK CiNIULiM, Architect . 



Architecture - Styles : 

The History an J Description of the 
■ I . -!...-t Id flu fa 
F.R.l.B.A, Illustrated 



Perspective for Beginners. 



!», Ey W. H. Leeds. Itlnslra! 

Styles of Architectnre of 

cm Period. By T. Talbot B.'Rr, 

:tu»h, ik Cut Vol., v W. 



Architectural Modelling in Paper. 

ByT.A. Richardson. With Illustrations, tngrmdhy O. Jswrt-r 

Glass Staining, and the Art of Painting on Glass. 

From the Germ; I Dr. l.lKK-f.HT an.l Kmamki. Otto Fkombbso. With 

an Appendix on The Akt of Emahellimg 2/0 



N.B.—This is Ihi only Edition o/ViTRUviusyW 

Grecian Architecture, 



mod/rait prici. 



'v^'IuaI'^VX^ iC Z''\n 



kRise and Progress of the Arl in Greece. By . 
' T/u two fircc-rtitii: il'orki in One liandsomt 
"Anciekt Architcetukc," [ 



oricalViewoftbt 
the Earl ckAi.sm.mi>. 1/0 
au Vet., k*tf bound, tn'il ' ' 
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INDUSTRIAL AND USEFUL ARTS. 

Cements, Pastes, Glues, and Gums. 

A Practical Guide ■■■■ i. 1 - Ifuu&ctan and Application of the virii 
upwards ofooo Recipes and Formula;.' Uy H. C. Standagk . . 2 

Cloaks and Watches, and Bells, 

A Rudimentary Treatise on. Hy Sir LourMi Beckett, Q.C. (Lc 
C.KtMTH.:.m-»). Seventh Edition. A 

The Goldsmith's Handbook, 



in Ihe All (if All,.;,-;.-:;. Mi-![i:ur. Ki-.lii.ill!,', 

'■.""'fhinlEjfi'ien! enlMgei . ° . . 3/5 



tic., Ac ByGf 

The Silversmiths Handbook, 

OnlfcfJint plan a* Ihe (i, ,i.[.':urri['s 11 sm, nunc. By C.KURGB E. Cm. 

Second Edition, Revised 3/0 

V TktUsi /..,. ft',"!-... .-■■.■ On:- A.inJsinat IV., t.itf-/vunj, -- 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Aisiy Towns »■ 

kn,;,l, in ; .-ill: I l„ - : i ,,.-,■ I ■ ■.. . 

Marti at the various A -..v i. Mikes, lly LIeokuii E. Gik 

Practical Organ Building. 

By W. E. Iih-ksok, MA. Second Edition, Revved, with Ad. 

Coach Building: 

A Practical li,;uii,=. By Ivii.U'. Hi ilcess. With M Ilium 

The Brass Founder's Manual: 

Instructions for Modelling, Fatten, M.. 1 ii.-. '■ I .. : I ■■■..■.. I-. 
W. Gkaham ...... 210 

The Sheet-Metal Worker's Guide. 

A Vt.:.-.- al ii,..;,. ■,. f..r I,,, i.-. ■ ■ ...■■,■ 

«<5 Diagrams. By W. J. E. Dia.ie, Second Ed' " 

Sewing Machinery: 

IB Conslrucliuu, Ui-l-ry. &■:- Willi full r,,,.!,i, : 
ins.&c. By J. W. L'i,..l:iiakt,C.E. . . 

Gas Fitting: 

J Handbook. By John. Black. S. 



With « Note U|l...ll Uo:- Ml^li. !■:, ,|.,,„]. Mam l:r. illustrated . 2. 

The Model Locomotive Engineer, Fireman, and 
Engine- Boy. 

Comprising an Jdi-t.-ri. ..I N. ■:■■■* of i!ie Pioneer I,., --.in. dive Engines I 
their Inventor.. I!) Mikiael Uk.vsm.i-. Second Edit ion. Wi 
numerous I liu. nations, ;uid 1',-n.ii. „! Irtorge Sie|>hen»l> . . 3 

The Art of Letter Painting made Easy. 
The Art of Boot and Shoemaking. 

InclndiriyMea.iiicint-ul, Li-l-Iiuiiu.-. Uiitli'i S .uut, Ussmvja 
JOHlillKOFOlio I.I.-... Willi numerous lllustiutiuns. Tiiu 

Mechanical Dentistry: 

A Practical T,f. ,:■:...- .,r, 11,01 i.;..:i a .u.3.1 of the Various Ki 
Denture,. By Chaki.es Hl'NTEK. 'ihird Edition, revise, 

Wood Engraving: 

A Practical and Easy J i-.t r-.- L-L-. 1 i t --i 10 Ihe Art. By W. N. 1 

Laundry Management. 



l ■=■=■■! ■ ■- 

Z.Q 
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AGRICULTURE, GARDENING, ETC, 
Draining and Embanking; 
Irrigation and Water Supply: 

tin [Ik Lun-miL i of Weill, Pond*, ' Reservoirs, (to By Prof. Jo 



V*™-. the I':,, n'- ..f l-.,..i.-.,i^.; .,.^1 (lit different kinds ol Femes, 
Canst, and Stiles. By Prof, /ohm Scott. With 7i lustrations . 1/6 

Farm Buildings : 

A Practical Treatise on the Buildings TH - l:^,.is of Farm*, 

their Arr.in^r i I ,.i..1 1.':.ii-iri!..i]-.ri. wiili i'lans and estimates. By Pro! 

JomrScoTi-. Wi,!, ,„ nitrations 2 ;0 

Barn Implements and Machines : 

Treating of the Application of Power and Machines used in the Tores] 
bam, Stockyard, Hairy, &c. By Prof. J. Scott. With 113 IHustrat 

Field Implements and Machines: 

With Principle!, and llBMiN.rf IJ.-ii-tm. n-,n and Points of Excellence, 
ManaEcmenl, .4c By Prof. John Scott. With tfi Illustrations 
Agricultural Surveying: 

A Treatise w l...:.d Surveying, Levelling, and Settinit-uuS ; with Direction! 
for Valuing Estates. By Prof, J. Scott. With 61 Illustrations . 1/6 

Farm Engineering. 

I n ; ..;.,. ... 1 .-.: he LboveS.™ Volumes 

I, IS o pages, audtl-cr 600 Llla-t....i..ns. Half-bonnd . . . 12/0 

Outlines of Farm Management. 

Labour, He, By R. Scott Burn . . '. . ' . . ■ 7 ' 
Outlines of Landed Estates Management, 

Treating of the Varieties of Unds, Methods of harming, Setting-Oil 
Farm-, Roads, Fences, Gates Drainage, &c. ily R. Scott Burk . I 
*.* The a W Turn Vnk. in One, handsomely half-fannd, fria 6*. 



Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modem. Farhihg.) By P.. Scott Burn ; 
Utilization of Sewage, Irrigation, and Beclamati 
of Waste Land. 



Outlines of Modern Farming. 
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K>k-keeping for Farmers and Estate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

iady Reckoner for the Admeasurement of Land. 

By A. Arman. Third Edition, revised and extended by C. Norms 2/0 

ller's, Corn Merchant's, and Farmer's Ready 
Reckoner. 

Second Edition, revised, with a Price List of Modern Flour Mill Machinery 
by W. S. Hutton, C.E .... 2/0 

ie Hay and Straw Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steele 2/0 

>at Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 



The History, Structure. Economy, and Diseases of. By W. C. Spooner, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

irket and Kitchen Gardening. 

By C. W. Shaw, late Editor of " Gardening Illustrated " . . . 3/0 

tchen Gardening Made Easy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c, with directions for management all the year round. By George M. F. 
Glenny. Illustrated \ /© 

ttage Gardening: 

Ur Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 
rden Receipts. 

Edited by Charles W. Quin .1/6 

uit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Breuil. Fourth Edition, carefulty Revised by George Glenny. With 
187 Woodcuts 3/6 

e Tree Planter and Plant Propagator: 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

e Tree Pruner : 

A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood \ /© 

\* The above Two Vols, in One, handsomely half-bound^ price 3s. Qd 

e Art of Grafting and Budding. 

By Charles Baltet. With Illustrations 2/6 



WULE'B SCIENTIFIC AND TECHNICAL SERIES. 
MATHEMATICS, ARITHMETIC, ETC. 



itical Plane Geometry: 



To which is added j h-.tr!; 
.direction. Ll)-J. !■'. Htsi.aK. 

Z;0 



ilytical Geometry and Conic Sections, 

A Rudimentary Treaiisc on. By James Han*. A New Edi.it 
written and enlaced by Professor J. R. Young .... 
Euclid (The Elements of). 

ptln>ed ^/introducTory tssay on™oei". By H*KltY I41W, (iE, . 
*.* Sold also tcparately, vis:— 
Euclid. The First Three Books. By Hemv Law, CE. . 
Enclid. Booki 4. s. «, «, "- By Henhv Law, CE. . 
Plane Trigonometry, 

The Elements of. Hy James Haw* 1/6 

Spherical Trigonometry. 

The Elements of. By James H.us. Revised by Chaiiles 1.. „„. 
UKC.C.E. . . . . . _. . ._ . . . .1/0 

Differential Calculus, 

Elements of the. By W. 5. B. WoOLBOUm, F.R.A.S., &c. . ,1 

Integral Calculus. 
Algebra, 

The Elements of. By Iameb Haddon, M.A. With Append!., conn 
ing Miscellaneous IovesUgadoiu, and a collection of Problems . . 2 

A Key and Companion to the Above. 

An e.tensive repository of Solved Examples and Problems in Algeb 

By J. R. Young 1 

Commercial Book-keeping. 

With Commercial l'lira«, ami Furins in En&li'-h, French, Italian, 1 
German. By James Haduon, M.A t 

Arithmetic, 

A Rudimcnlary Treatise on. With fb'l E»]-l: nntions of its Theoreti 

Prinriples. ami 1 ,;.,u 1 -. i .u» liija, l,s for 1'rai.iii ■■. I' or the Use of Scho 
aiidfur Sclf.In-.il L:cii..ri. Ilv I.I;. V-vmi, isic ['r.jteivtuf Malhtriu! 
in Belfast Collie. Eleventh Kdi.ioii ) 

A Key to the Above. 

By J. R. Youwj 1 

Equational Arithmetic, 

Applied 10 (Juestions of Inlcrcst, Annuities, Life Assurance, mid Gene 



Arithmetic, 

Rudimentary, Ibr the Use nf Pch 

HaDQCN, M.A. Reused by Adhaha 

A Key to the Above. 
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Mathematical Instruments : 

Their Culi*-,ii.:l!...i, A.ljuslin.. i.r. Tv<lin K , ; lni L L'st concisely ■■ v , .'.-,[■:.„; . 
By J. F. Heathir, M.A., of ihe Royal Military A,.,.l,-„iv, W,.,l-.ii,-'- 
Fourteenth n.lkl.in. Kcii:.cJ, ivnh A.Miii. ■■:,.. :.■> A. T. Waluislb 
K.I.C.E. Original Edition, ill . vol., Illustrated . . . .21 

", H /,i ar.ic.rinL -'•''" ii'vv.-. .V C'tfr/i ,'.' r.TV ",i '</\<<i"/ Elilhui." or f,>./ r 
..-.■,...■.■■ ■ .-,. .-■■ .-,:■■■; \ ■■.:./..:;:.; ;7 ■■ .v .'•;■ A':, If -,■,< A.!/:.-.: 
3Emi. (A'cJ. 168-0-70)- 

Drawing and Measuring Instruments. 

Em-j, " rMi.T" il-. "^ ■.■-'■' t -Vi: -l i".i-"! f. ::'■'.' ' < 1. i|".\ ^ : .;'"' /..":"- - . ' ' .\ ! ".-.. -'U- I- .■■"[' '.if' MaisT.„ 
Plans. II. Ins.- mi. en .5 used fur the [-.jr^'ts uf .Worm, Measurement, 
nnd for Arithmetic] Com.mlatioils. liy J. F. Heatheh, M.A. . 1/6 

Optical Instruments. 

Ii '!'■■! ■ i A:. 

Kjilu. irig ciLiiei i.f Mi. ;! ., ;u:.! 1'l.ia.i ' Y I'll-. :...-.!.. ,,:iy. itj J. F. HlATHH.« 
.A. lfiuslrated 1/| 

Surveying and Astronomical Instruments. 

:-:_- ■'■-'".conit 

n Astronomical Ob- 

1/6 



. (.!>-« .V„. ; 



Mathematical Instruments: 

Their Con si met i ■'.. .Vlin-.: m.;i:r, T.:=tiu C and Use. Comprising Drawing, 
■ : "' ■■i-.irunMBB. By;, £?. 



C.E, With a Slide Rule, in luck or caver. Fifth Edition 
Logarithms. 

With Matlieni.vi-.il Tank-. r,.i- " Ir :-.,.,: -i.-i,:,. ., I . ystr-numic-.-il, nod Nil 
Calculations, liy Henry Law, IJ.E, Revised Edition . . . 

Compound Interest and Annuities (Theory of). 

With Tables of I.Oji:mtl.iiis1V.r tli, ,„, „e Dillkult Computations of Inl 

Discount. Annuities, St., in nil their A;.;i. : - . . . . ■ .ns .1 ,i. I L '.,..■- f.,r Merc. 

*dd State Purposes. By S'EInlJt Thoman, Paris, Fourth Edition . 4 Q 

Mathematical Tables, 

FotTrigonr„„.-t,i.:,l, .-Wronoi.ii.ial. slit J N.,ii-.i-:a! Calculations ; M« 

Srefiied a Treatise on Logarithms. By H, Law, C.E. Together i 
erieSOfT;t:.-le,l„r S'n - ..;..i i._,r. :,,,! N.inti..,! A.lr.i, V. Ily l",,^-..,,- |. 

R.YW.HO. Ne*Edi,ioi . *B 

Mathematics, 

-"-■* -a the Constructive Arts. By Fbakcis Cahp.n, C.E 



Astronomy. 

By the late 



:. Lynn, F.R.A.S. 



■ and Dynamics, 

The Principles and /Va. ike of. Embn.rAn; a\sn & c\tai t 
"" ««, Hydrodynamics, and CentTtl ?«Qev &-J ^ 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Bctni! :. GvU* I '■■' VMmra to PnbHe and Private Picture Galleriei, and f* 

Arl-SluJ*n», J!,dii<lini: fi|.-,-„ ; , „f Teim,, Si.-I, .hoi" Principal SchaoW 
Pamune, &£. By Piiilippi Dabyl, &A. . . 2» 

Painting Popularly Explained. 

I By I'. J. Gulliu, Painter, and John TlMBS. F.S.A. Inclnrfine Pkwl 

Fainting ■>:, ivory, Vtlhn.i, i'utltiy, h:..,r ii-l, (J l.!'.«, S .. Flfiii Edition 5,'(j 
A Dictionary of Terms used in Architecture, Build- 
ing. Engineering, Mining, Metallurgy, Arche- 
ology, the Fine Arts, &c. 

By John We.ir. Sixth Edition. United hy RfiiT. lit.-:, F.R.S. 
Mumeroui HlostntioM 5:0 

A Rudimentary and Practical Treatfe*. With numerous Eiamples. By 
Oiari.es Child Spencek 2(0 

Pianoforte, 

The Art of Plavmrj the. With nmneiVLis Ks*rci-;ts and Losses. !i 

Chables Chiij. Si pce, 1/6 

The House Manager. 

Beint a (V.mie 1.) H. it -uV:..-f|.ili-. Pr... il, :lI fo !:.:iv. Pi, l; Sine and Prt'er.. 

ing, Hot]..;', -I,! \V,.rls. !i,.irv M a n a fi- ivm m , Cellarage of \\ 

brcv.i>ifc- .'!-■] tt"il.cli.iiiii:-..r. Stal.k- K, ;,..:. ,m v. (.Lank-rims OinratLo:;-, f . 

By An Old Holtsekeephs g/fj 

Manual of Domestic Medicine. 

Accident and Emergency' Third EdItior.'carXVy rcv'iUd '".* f^.O 

Management of Health. 

A Manual of Honie and Personal Hygiene. By Rev. Jambs Baibd 1/0 

Natural Philosophy, 

The Electric Telegraph, 

By r.' sTb i : "V." '< ■. i':. .""'r. s! .% . . ,■!:',.' e ?" P ,'° n5 . iam ° . . T^o 
Handbook of Field Fortification. 

By Major W. W. Knollys, F.R.Li.S. With 1 6] Woodcuts . . 3/0 

Pure and Applied. By S. H. Ehhehs. Third Edition . . . 1/6 
Looks on the Human Understanding, 

Selections (nun. With Notes by S. H. Emmens . . . .1/6 
The Compendious Calculator 

ki v...- -.™ . 1' I .,,,!( >.!,■■:■,. ,|. ..flVriii-mli.j ■[. 

various Arilhmeiitai Oijeran-.ii, i-e.iuUtd in Coinmerdal and Btisii.e , 
Transactions ; together with Useful Tables, &,; Uy Daniel O'Cucha* 
Twenty-seventh Edition, carefully revised by C. Nonius . . . 216 
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Measures, Weights, and Moneys of all Nations. 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. Woolhouss, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hyde Clarke, D.C.L. Fifth Edition. . . .1/6 

Dictionary of the English Language, 

As Spoken and Written. Containing above 100,000 Words. By Hyde 

Clarke, D.C.L 3/6 

Complete with the Grammar . . 5/5 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Bkenan. 18th Edition 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Nouns. Ry 
G. L. Strauss, Ph. D ••••1/6 

French-English Dictionary. 

Comprising a large number of New Terms used in Engineering, Mining. 
&c. By Alfred Elwes . . . 1/3 

English-French Dictionary. 

By Alfred Elwes 2/0 

French Dictionary. 

The two Parts, as above, complete n One Vol 3/0 

*** Or with the Grammar, 4/6* 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words. 
Collection of Phrases, and Easy Familiar Dialogues . . . .1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/3 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II 
English-German- French. Part III. French-German-English . . 3/0 

German Triglot Dictionary 

(As above). Together with German Grammar in One Volume . . 5/0 

Italian Grammar 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwes . 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are care full v 
noted down. By Alfred Elwes. Vol. i. Italian- English- French . 2/6 

Italian Triglot Dictionary. 

By Alfrkd Elwes. Vol. 2. English-French-Italian . . . 2/S 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. 3. French-Italian-English . . . 2/6 

Italian Triglot Dictionary 

(As above). In One Vol. ... ... T/6 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfrbd Elwes 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a lark-e number of Technical Terms used in Mining, Engineering, 
&c, with the proper Accents and the Gender of every Noun. By Alfred 

Elwes 4/0 

V Or with the Grammar, 6/0* 
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Portuguese Grammar, 

In a Simple and Practical Form. With Exercises. By Alfred Elwes "| /£ 

Portuguese -English and English -Portuguese Dic- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c, with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised 5/0 

V* Or with tht Grammar, 7/0. 

Animal Physios, 

Handbook of. By Dionysius Lardner, D.C.L. With 530 Illustrations. 

In One Vol. (732 pages), cloth boards 7/g 

* # * Sold also in Two Paris, as follows l — 
Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4/0 
Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVI II. 

3/0 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



HE WORKS' MANAGER'S HANDBOOK. 



Author of "Tht Vrui 
R«i«*i, with Addiii< 



MetaVWor 



rifilc.f Kales and Data Mr his 
t. and having found his notes 



i-ariclv ai i-.-.-i f.-ni ru.ijiiir.Tr«i; !,■.»■*. ,lu,/ i';.J :'l r|.; <■.:.»,! his notes cytrttnclv i.-.iriii'. 
decided to publish tktm—rtvittd to datl—heii. ■■:■■!,; IhM a f rticirVil.' vor*. st.ilrrf (0 
l/u DAILV kequiiiehekts of MonuBN ESMM-.I-W, would be favourably received. 



THE PRACTICAL ENGINEER'S HANDBOOK. 



iBiiirs. K.uk-r,. and ..il,,r I-. 1 ^:n.-.-i-ii,^ iv.tW. The wl.„l<: ™.,ti[i.ilin.Ii a ,:'.>!!!. 
.l.'.iwvc K..Y in rli'. I: ■r.r'l .1 'I i:i-..- ;in.l .j'.-r ]-.\r.i r.irnii. ion ■: for I. --rr iii.ir.m -. 
or! . -in- v in Mi.ckm McrtKiriicn] KnjiineerinE. By Walter S. Hutton, 
,! M..-,:"U.-l, ; U::lI Kjijir.Yr. .V.,l]:,.r if " T-i-r \\\„W Mj.urjH ', llan.lb.vi 
v.- . .... ; -. i :... ■■. :,,■■■ I- ■■. ■.. 

nearly 500 pp., strongly hound. 

[Just Published. 180 
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Revtitl with Additions. 
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MR. HUTTON'S PRACTICAL HANDBOOKS-con/*n M **. 



STEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 
Containing a large Collection of Rules and Data relating to Recent Practice 
in the Design, Construction, and Working of all Kinds of Stationary, Loco- 
motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 
Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 
Practical Engineers Handbook," &c. With upwards of 500 Illustrations. 
Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 1 8/0 
B9"* This Work is issued in continuation of the Series of Handbooks written 
Ihf the Author, vix. : — "The Works Manager's Handbook " and " The Practical 
Engineer's Handbook," which are so highly appreciated by engineers for the 
practical nature of their in/brmation ; and is consequently written in the same style 
as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical information on Steam- 
Boilers, wiu be of considerable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

*' Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences; and such a book is of the utmost value to theyfn de Steele Engineer and Works Manager." 
— Marin* Engineer. 

" There has long been room for a modern handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
in the construction, design, selection, or use of boilers."— Engineer. 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
informed. We strongly recommend the book for the intrinsic value of its contents."— Machinery 
Market. 

"The value of this book can hardly be over-estimated. The author's rules, formuke, &c, 
are all very fresh, and it is impossible to turn to the work and not find what you want No practical 
engineer should be without it." — Colliery Guardian. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author of 
" The Engineer's Practical Assistant," &c, &c. Seventeenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook, ' T "The Practical Engineer's Hand- 
book," &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus- 
trative Diagrams, strongly bound for workshop or pocket wear and tear . 6/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
be might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' " — English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
a great many men who, in a great measure, owe their rise in life to this little book."— Building 
Mews. 

" This familiar text-book — well known to all mechanics and engineers— is of essential sen-ice 
to the every-dav requirements of engineers, millwrights, and the various trades connected wirh 
engineering and building. The new modernised edition is worth its weight in gold."— Building 
.Vews. (Second Notice.) 

"This well-known and largely -used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop. "- 
Mechanical World. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than whom a more competent man they could not have found."— Iron. 



ENGINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Seventh Edition, with Additions. i8mo, cloth 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made"— Building News. 
mjr "<* deservedly popular work. It should be In the * drawer' ol eNtts vs«OKaxcvK.r — l?.n&\\&X 
Mechanic. 
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THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

Pa Midline ami Boiler ComWKtion. In T»n Parts. Pan I 

I ■,.■■., i ■. . I ■■'. i. Pan II. li-.n-KS COKSTBL'CTIOK. With 5 

numct.H,, ll;,-i,. .i[,.n.. liy Nelson n.i.Eiv, M.I.N. A. .~,-.-."..-: (■■■■.'.'■■ 
Il-vi-il [l.r.ui,-h ml [ Ii EfUcnJed. Folio, h»U ' 



■ ■ wry r.iirly ^-t--t.--1 rli.i 



COAL AND SPEED TABLES. 

A Pocket Book fur Engineers and Steam " 
of "The Mechanics) Knfin. ..■,■-■ B*6mut 



ON GAS ENGINES. 




A HANDBOOK ON THE STEAM ENGINE. 



i 



BOILER AND FACTORY CHIMNEYS. 

Their Draught- Power :u»lK[:i!>i]i[y. Wiih a chapter 01 
By kuuEKT Willis, A.I.C.E., Authorof "A Trealis 



BOILER MAKER'S READY RECKONER & ASSISTANT. 

WilhEjramplra of Practical <■■■ itnetry and Templatlne, C rthe Use of Platers, 
Smiths, and Kivclcrs. liv Iojl.n i. ulk im-:v. Edited l.v I). K. Cu«, 
M. I.C.I.. Tliml F.,liLi..n, 4 f.,-, .,,.!., i.itli nominations. IV_ap. flvo , 7/0 

REFRIGERATING & ICE-MAKINO MACHINERY. 

A Descriptive Treatise for trie Use of 1'eisnns I-: ili j it...^Lri ji ki.fii^n-.t inv- 
alid |....-..M.-.V||.^ ]■ I,''.' I.. -d ..[l!..'S. liV A. J. W'AI.I.LS-TAVI.klJ, 

A.-M. Just. C .t. ■ ! K-vi: iiji-M |-.i,l,:rj.d'. Wit .1, ■ 

Crown Bvo, cloth. [just Published 



HYDRAULIC MACHINERY. 

A Practical Handbook on ilie Mm.Line.y Employed in the Conccntral 
Transmission of I'm™. I!y (I. 1 »,vu,,s Ma.iks, A.M.I.C.E., A.M. 
New Edition, Enlarged. Crown Bvo. [I- lh 

THE LOCOMOTIVE EN01NEAND ITS DEVELOPMENT. 

A Popular Treatise on il.e ( i.;nhi;il l-n-.r .v. iiu-nis iihuIl in RttiUvjiy Kn^ii 

Ivl-wp^n T.q.-, ■ . ■ r..l -r..!- I'.' I n i- m i. i V Sir l. i i. , .■ > ' L' Lifii. I. .1,.-. 



\-:"^u^ A S~'''u!:': ':■''.<■■,■': '!'.{■';■ ' '■:,," ^i' , - , i 1 ! , "','.' , 'm , ,';"' ,: ' \.'";V, ,!j ""'' lt: 
ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS. 




or^^.nci.n. 



PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop O^rMioiia. By Joseph G. Hut 
A.M.J.M.K. (■■ h-.Teiii-! I, ■-. M...i , \mtaur of "" Pattern Making, 
jfepp.wilhjjBIIhiMralK C™mJ-, Ih. Lf«fft.W(M 



P PATTERN MAKING. 
A Practical L'r '-■;!(!-•. embra .'■:: ■ the M". iii TVpa '.if fcngineerinE Construction, 

and inJmlilijj Gearing, nnth II : „„I :,=..: M.„ ;,i:,,-m:„k-. Kiisine'Work, Shi-avr, 

i- I:- ■ I " . I r : . | I' 

the Moulding ■ 1 I'rUL'.nir. in Loam and Gr« -' 



■ 
WorWh.jp He!'.-,. .i-.o; l.v 1-i.ni i,. H.ikskb. A.M.f.M.E. 
C IV-ii-ninn Pattern Maker"). Second Lditi'jn, thoroughly Revised an.! imk;i 
Enlarged. Will. 4s -3 IHu.,ir;itiuris. Crown Evlj, cloth .... 7.6 

■ : ■'■ .'■.-.■■ 



MECHANICAL ENGINEERING TERMS 



I 



TOOTHED GEARING. 

(■' K.-iruinnii Fattem Jlnkur"). 



FIRES, FIRE-ENGINES, & FIRE BRIGADES. 

With ■ — 
Fire ;' Si 



ingines, their Construction, 

Remarks on Hi our- ..if liuildiim.. and ih» IV- iv.u: . . ■ I 

Statistics wf the fir,- Apuli ..,:.- in hliichsh Towns; Foreign Fire 

" ■ i,Sc,.K:,-. iivL'iiAKit, K T. V...:r,.-., c.fc. 
y 8™, cloth . . . . . £i 4.. 

OTOR CARS FOR COMMON ROADS. 

Bv A I Walus-Tavuih, Assoc. ».W\i. \™,\. C.E., Author of "Modem 

I rr-.-'it C ..mUrlv.iw V.^.-iv-^-" 

MiVoll.,„...t., Mmot Cars. .\«< 
is Illustrations. Cwm« 



E.M.I. M.I-.. S.,.-.:.,i J-,L^I 



PUMPS AND PUMPING. 



i.- Wl.iI,. isj-sr. pun 

1 lustration a, Croun i\-r, 

\}* s t r-Mhhtd. go 



K Handbook for Pumi 



Crown Bvn, doth. 



7.V-: 
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LINES 



MILLING MACHINES AND PROCESSES. 

A Practical Treadse on Shaping Metals by knLary Cutlers. 
Information on Makim: ;.-:■! i Iiin.Mrv^ tl..- Outers. By Paul N. 
Author of " Lmbe- Work." 3<a pp. W 
crown 8vo, cloth .......... 
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By Paul N. Hasi-i-ck. Fifth Ktliti..n. 

SCREW-THREADS, 

And Methods of ProtIucin K Them. With numerous Tallies 1 
Directions for using Screw-Cutting Lathes. Lly I'.in N. Has 
' '• Lnthe.Wo.t.,' Ac. With S^vutv-fc-.u- llWrati.ms. t'o 



,i I'.nT 






Selected mj 

Eluetbicai. 
limp leather. 



i. FOR ENGINEERS, 

Sivtli K.diliLill, Rcl-iscd, including 
mohakda. Waistcoat -pock el siie. 



POCKET GLOSSARY OF TEC 

English- French, French- English ; with 1 

KTluineeril-.i;. M.. .: :■ v.iii-^. ami N.,Ml 1 ...M':,f, -.,.,,.. liy |„|l, I A M fc - 

son pp. Waiilcoal.puul.et we. limp leather . . ' . . .1/6 

.■■:'..: .:.:: 

-. ThtUllt,l u „,t -ilM,,-..,,i-,.l !...!. ,,.,, ■ 

■ ■.'.'■"'»»™ 



IXFEKIXG, SURVEYING, &■!. 



G, &c. 



CIVIL ENGINEERING, SURVEYING, 



L1QHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA. AND illi: COLONIES. 

h Light Railways 

Con'tniction. Kquipniciit, Ki 
^.IniMl. 1 L'l:J.'i-':L':,l in ll,.' ..'■ ■ 
•■,,■:....' 




ihs I'i.u. - 

£2 2«. 



THE WATER SUPPLY OP TOWNS AND THE CON 

CTION OF WATEH- WORKS. 

1 tactical Xmuiic rot Ibe Use of Engineer! md Stodeals of Engineering. 
Imperial University. '."■ ky... .];qi,i:i, ! lAii'iillirv.; iviiiini-er to \\k Tokyo 
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MIM ,» s » Ka M 



jh<] U't,.hi<1i[ Iron lirijRT Cun^trii'.li-.'ii. ' .v.. .V-:, I lln-.r:u,:i! ^ r it!i vj I> 
!■!.>!-■ ■ :- ..^..- I 1 ! ,:-,(■■! ■-■■! Frji.ii.^.e. :inj i 4 n> si, ■ .1' ,,■-, Wo ... 



RURAL WATER SUPPLY. 

.'■ ■!. . , : "- , .i|',,l'' !' ''^ v.- < i < , ..i,,ir,i,ii..| l ..f Wr,[, 

« ,ii.„ I"., I -ii..:i I ■,,„■,.,,■, |, ..:,:.:... r. v \ ;,.,:. L ; hi „ h :,„,,,.,., A. M.I.C.K.. 

and W. T. Clhbv, A. M. I. U.K., F.C.S. Willi Ulustntiu 

clmh, [Just 



HYDRAULIC TABLES, CO-EFFICIENTS, & FORMU 



w 

C.E.. 
50 



HYDRAULIC MANUAL 




MASONRY DAMS from INCEPTION TO COMPLETION. 

Including numtmu, Formula.-, Forms of Suetification and Tender, Pocke. 

Diayra f I- cm™. At. I . r llv ,-,; ..I' I. ivil ai.,.l H ■_■ |-:.."i:„.f,.. I.v 

C. F. Couktney, M. Insl. C.E. Svo, cloth. y«i( fuUaht.l. 9 o 



The Causes of their Fomiaiio:i, and their Trv-Ltnicut bv "Induced Tidal 
Scour;" wilii a I >,■- ,: :i;i: i. 1 i.l r I . ■ - M|.....::i'i.; I;..-.!,a ik. !n :hi-, > 1 . : 1 1 ..... i ...f 
the Ear at Dublin, lit I. I. IIasn. .Wi-t. lint, to the Dublin Pert and TJ.M-ks 
Board. Royal Svo, cloth 7/B 



Ki:vi b i:,.I, null liii-.; Additions on RtttM Pkac- 

— JEER! KG, OV D. K.MJEAK D.,\l,k. M. ||]Bt.C.L., 

A..:-. ■:■..-. i .-,.: . 4 6 

TRAMWAYS: THEIR CONSTRUCTION AND WORKINO. 

Fmhra./mt a C i,.|iy, I., ; . .■■.-.■ Ili-:,,v ■ .1 ;);■■ Sv,L.. r,i : nil!, a,, e. that;..; v.: 
Analysis of the Various Mtdts ,,1 Tlii ■.[■„,. ;,,..h",di., t M >r.,.. Power, Steam, 

Cable Traction. Wet Irk Tta-jtrai. St. : a litsfii.ti ,( il,.: Varieties ,( 

Rolling Si. .A" a:,<] aniole IViaii. .![\..i :,-,d W.^lint: licenses. N"ew 
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PRACTICAL SURVEYING. 

the L*l 1 ( I> )n With™ p' 



pocket use 

AID TO SURVEY PRACTICE. 

F..r Rtfereii.e i,, Surt..iii,t. 1 ■■'■■. :.n:. .--■.. I S.-tiut. 

veys of Travelled by Land ami St.. Willi Tables, Illustrations, and Ri 

By Lowis DA, Jacks...:;, A.M.I.C.E. Setoud Edition, Enlarged. 



a pages. -Colli.; 






CROSBY LOCKlVt 



OO^SOVSCATtUKVS. 



ENGINEER'S & MINlNti SURVEYOR-S FIELD BOOK. 



rui.J.tir K.Uv 
:.:,..: ]■'. .In. M-J 



— -j . Levelling with Uw 
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" llie Tlreodotile by Tangential 
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LAND AND MARINE SURVEYING. 

In Reference to the Prepamtinr, uf ftoii fur Roads and Hallways ; 
Rivm, Town.' «'j:o ~.U].[.]:..-. . IL--. a:iJ Harbours. With fae 
and Use of SurveyinE Instruments. By W. Davis Haskou, C.E. 
Edition. Revised, with Aditirir— " 
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EARTHWORK TABLES. 

Showing the Contents in CuImV Vards of Embankments, Cuttings. 

I',, .._■■■■■!■■■. !: :;■! ..:■: ■ ■■■ !■. ■ I 

aiidFtiAscisCAjinN. C.K. Cri.wn Bvo, cloth 

A MANUAL ON EARTHWORK. 

By Alex. J. S. Ghaham, C.E. With numerous Diagrams. Second Edili 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS. 

A Pwctical wd Theoretic^ Eshw. Bj H. Wji i «. S 

Resident Km;i«v..T. L. an.1 N. W. K. V> i : . I .'■ '.■■. 

CAST 4 WROUGHT IRON BRIDGE CONSTRUCTION. 

(A Complete and Practical Treatise on), iuchiilinn I™ foundations. In 
Three Parts.— Thtor.-tii .".', l'r;,..n, :,l..ii.d I ■ .-.. ii|in..-. llv Wir.l l.\.M III miii'k, 
A. M. hut. C.T. . .unl M. I:i,[. U.K. 'Iliinl K.iiii-i;, leiised am] much im- 
proved, with ti$ Douhle Plates 1 20 of which now first appear in this edition). 
Mid oumer.>to AJdilwi" f the 'IVst. In , ,..U., in.[.. ,n>. InlLWnd ii, 

morocco £6 16i. 6o. 

■ . ■ ■ ■ ... ..-,.■. . ■. . 

■■Ml I: .... I ' '.i 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With t, large Plates. By- the lnle Cw.o 
Watsok HfL-K, M.l.C.K. K.Linii I-.. iii i. ■i.„.-vi-.,J I.v :.i- >.,n, |. H.Wat 
RvCK, M.I.C.K. ; iui.1 with llie ail.liti.nl ,.l" I >,-.. ii|.ti..i, l.i lti.icr.luis (■ 
Facilita[LiicllieL , .)iifl:iL-.-tLo]i.-.f'.>Mk[ ll ..-lIi-iLW^, -vW. II. Ham ■ .v.. M. I.e. I 
Kuysil Bro, clolh 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By Jdh.x Hart. Third Edition, will 
Imperial Bvo, doth B/O 

GRAPHIC AND ANALYTIC STATICS. 

In iri..-ii l'i ,. i ' W ' ..i 'I :-,■■■..; \i- ■■■'-. :■':.' 

Girders, Lidice, How-triiii;, ami Su»|icnMi>n I Iri dj; f s . Iltaccd Iron Arches and 
Piers, and other Frameworks. Ily P. iivli.i.N: (Iimhaii. C.K., CoMMtting 
Diagrams arid I'iatr- [■. S. air. \\ ith HL,,nrr.«i-. Ksam^k-.. many l;,l..:lb iVi.ni 
enisling Sni;,iui..,. Sjn-tiallv jiiiiiklnI f.ir Class-work in Collegia and 
Universities. Second Kditi..|>. K -:- .-.. ui ami !■: i-:hir.;,-. I . Evo, cloth . 160 

"Mr. GrahAm't boofc *lll find * pliice wherever frtphk and nalrUc KHlci are njj i-i 
stli riitil. "— £ fl£i»nr. 

"The worfci^ ennelVnt frnn i |...:..n. >'. |..-.m .■!' Mr.». .r..l hi- r. I.h.inly l*en prepared 

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS. 

A 1 li.iii/n.- /.||.,'.- f. r- l;..:l:lalii,^ il... I '■■ \| ■. '-.,i ■...■.'■..■■. . ■■'' '."'a.: ^ ■■'■. iv.v- v^l^" 
' ■■',!,/ S„..l .;„.!..,■,, (i,... (., 1\..i.\v,»,v.iV.,., :ov\ «ta\ ■■ 

J.H. Watson Buck, M.Iust.C.E. On* Shew. . - - 




i« CROSBY LOCKIVOOD &■ SON'S CATALOGUE, 

HANDY BOOK FOR THE CALCULATION OF STRAINS 

and Corresponding Diagrams, with numerous delaiis for Ps:,. i[ .. 

lion, (to. By William Humulk, A. M. Inst. C.K., &.;. Kiith l-:,iiri.:.n. 

Crown Bvo, with M«1jr i.-o Woodcuts ud j Una, cloth . , . 7;8 

TRUSSES OF WOOD AND IRON. 

■■ I ■!■ ■' 'I I. . "ii 1 I). ,. '•■I: 

Tmuun B ■■.. OblongBvo,ci 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. IV. Sheilds, M.I.C.E. 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rule* fr.r Application in Architect 

»llrid S t*. Railways, Sec By Pptek Karl 
by his Sun-. ]>.«'. li.M.-i.. .>V. F.R.S.,aml 
are added, lv.pt rismnts by HouuKINSON, [■aikhaikn, and KlNKArov and 
fVnninl;.- f..r.-al. u!:,[iii- Cmler.. K<:. Arrayed and Kditcd by Wll, HuMBEII, 
A. M.Inst.l'.K. 1Vt.iv tva, .,'---' Pp., wiih to larc.e Rates and numerous 
Wrxxfcnti, cloth . .18 

STRENGTH OF CAST IRON AND 01 
SAFE RAILWAY WORKING. 

A Treatise on Railway At.: id en is. their Call' 

sciiptiun of M ..l.-i i, AjiHiiiiJi. => in:. I Sv.itm-. By rr.i-.ii:,' I • ,. 
1. I'... "Ii ■■ r,..|. '■■'.■ i . - -..,!; I ■ ii X-:. All I ale. a ma fell SociclJ 
Railway rWants. Will, lilu.nah.in, a:i,U iJuiml I'btts. Tliir.' 
Enlarged. Crown Svo, cloth 

..■■■'■. . . . ■ : . .... 

EXPANSION OF STRUCTURES BY HEAT, 

By JoHIl K.EILV, C.E., laic of lb..' Indian Fublic Works Department. 

I TREATISE ON FIELD FORTIFICATION. 

The Attack of r'r.m. :-.-.. Miliurv \li-in_-. and Recimuitring. By Profess 
Colonel 1. S. MACA.ULAV. Six ft F.AVuon, no-mv Wj.wMn «parate All*. 



\sa r M..M-* uii \*i m. * » j^x<»i **«*#• k/v/ii r j_» a a * » \-» . 



RECORD OP THE PROGRESS OF MODERN 

ENGINEERING. 

Complete in Four Volumes, imperial 4to, half-morocco, price £1 2 1 2s. 

Each volume sold separately, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridge, and other Engineering ^ Works, &c. By William Humber, 
A. M. Inst. C.E.,&c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c, and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3s. 

List of the Plates and Diagrams. 

Victoria Station and roof, l. b. & S. C. R. (8 plates); Southport Pier 
(2 plates) ; Victoria Station and Roof, L. C. & D. and G. W. r. (6 plates) ; Roof 

OF CREMORNE MUSIC HALL ; BRIDGE OVER G. N. RAILWAY: ROOF OF STATION, 
DUTCH RHENISH RAIL, (a PLATES); BRIDGE OVER THE THAMES, WEST LONDON 
EXTENSION RAILWAY (5 PLATES); ARMOUR PLATES: SUSPENSION BRIDGE, THAMES 
(4 PLATES) ; THE ALLEN ENGINE ; SUSPENSION BRIDGE, AVON (3 PLATES) ; UNDER- 
GROUND RAILWAY (3 PLATES). 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Second Series. Imp. 4to, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c, and copious descriptive Letter- 
press, Specifications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water Basin (15 plates) ; Charing Cross Station 
Roof. C. C. Railway (3 plates); Digswhll Viaduct, Great Northern Railway; 
Robbery wood Viaduct, Great Northern Railway; Iron Permanent Way; 
Clydach Viaduct, merthyr, Tredegar, and Abergavenny Railway ; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College wood 
Viaduct, Cornwall Railway; Dublin winter palace Roof (3 plates); Bridge 
over the Thames, L. C & D. Railway (6 plates); Albert Harbour, Greenock 

(4 PLATES). 

HUMBER'S PROGRESS OP MODERN ENGINEERING. 

Third Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
T. R. M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Main Drainage, Metropolis.— North Side.— Map showing Interception of 
Sewers; Middle Level Sewer (a plates); outfall Sewer, Bridge over River 
Lea (3 plates) ; Outfall Sewer, Bridge over Marsh lane, North Woolwich 
Railway, and Bow and Barking Railway Junction ; outfall sewer, Bridge over 
Bow and Barking Railway (3 plates) ; Outfall sewer, Bridge over Hast London 
water-works' Feeder (a plates) ; outfall sewer reservoir (a plates) ; outfall 
Sewer, Tumbling Bay and Outlet ; Outfall sewer. Penstocks. South Side.— 
Outfall Sewer. Bermondsey Branch (a plates) ; outfall sewer, Reservoir and 
Outlet (4 plates) ; outfall Sewer, Filth Hoist ; sections of sewers (North and 
South Sides). 

Thames Embankment.— Section of river Wall; steamboat Pier, west- 
minster (a PLATES); LANDING STAIRS BETWEEN CHARING CROSS AND WATERLOO 

Bridges ; York Gate (a plates) ; overflow and Outlet at Savoy street Sewer 
(3 plates); steamboat pier, waterloo bridge (3 plates) : junction of sewers, 
Plans and Sections; Gullies, plans and Sections; rolling stock; Granite 
and iron forts. 

HUMBER'S PROGRESS OF MODERN ENGINEERING. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco £3 3s. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, Main Drainage, Metropolis (4 plates) ; 
Barrow Docks (5 plates): Manquis Viaduct, Santiago and Valparaiso Railway, 
(a plates) ; adam's locomotive, st. helen's canal railway (a plates) ; cannon 
street station roof, charing cross railway (3 plates); road bridge over 
the river moka (a plates) ; telegraphic apparatus for mesopotamia ; viaduct 
over the River Wye, Midland Railway (3 plates) ; St. Germans Viaduct, 
Cornwall Railway (a plates); wrought-Iron Cylinder for Diving Bell; 
Millwall Docks (6 plates); Milroy's Patent txckviorcre.*, v\ww»k>v\ti« ova- 

TRiCT RAILWAY (6 PLATES) ; HARBOURS PORTS, AND ttKB.KY?N KTOB& Vi"*^-KV«^« 



:i)Y LOCKWOOD &■ SONS CATALOGUE. 
THE POPULAR WORKS OF MICHAEL REYNOLDS. 
LOCOMOTIVE ENGINE DRIVINO. 

A Practical Manual for Engineers in Charge of Locomotive Engines. _. 
Michael Reynolds, Member of th> 

i- I ■ :■-.-.■■■'. 

Crown 8-.!, cloth .... 

-MT. H.-ilV-l.]. '." -:|,!.li,:,i 1 ..ir.t. 3S1-I :■■!. 

IT' :■■■ ■■■■.■'!:.■ I 7: | | . , I ■ ■ ' ; I . ■ , . .| ~ | , j. I , . ,■ >,!. - I 

STATIONARY ENOINE DRIVINO. 




n Bvo, cloth 



THE MODEL LOCOMOTIVE ENGINEER. 

Fireman, and Enginc-Boy. C 

Hiliii'.-n. wiili Rivise-1 Ayr-: ii'- Willi 1 1.. n 1 ■.t-.ili^. J I lustrations, and Pi 
of George Stephen*!!!. Crown Evo. i-lolll. [J Bit Pi 






ENGINE-DRIVING LIFE. 

Nnf KyMKHAETREv"™ 



-i. Revsolus. Third Kiliticn. 






THE ENGINEMAN'S POCKET COMPANION, 

ctical Educator for En cine men, fioildi Attendants, 

Royal lHrno, strongly bound for pocket 

■ ■ ■■ : .'. . ■ ' '. ■ ■ ■ . .I !■■'■. 



liy UicHAKI. K 
Tni.d Edition, F 



■ : . 






MARINE ENGINEERING, 

MARINE ENGINEERING. SHIPBUILDING, 
NAVIGATION, &c. 

THE NAVAL ARCHITECT'S AND SHIPBUILDERS 
POCKET-BOOK uf KormulK. Rule, nml TJilis, sm.l M.i.i.K' kiwuc-rV 3 e...I 

Sn-vt-y,... H...1.I1 N....L ..r K.-h-n-.i..,:. liv Ci.imium- M.ltK|!.,lV. M.I.N. A 

r. 126 





MARINE ENGINES AND STEAM VESSELS. 

A Ti«um l.i. Iiy K ■:«[■ Ml ma v. CE. Kighlh Edliion, thoroughly 

RevibcH. with i:L>iisUli:rahh' Aiktili'jiLS hy lln Amlmi urnl by (iEONI-E 
Cakukle. CK., Seniw Surveyor 10 the JWii of Ttsde ni I- 

'-■ ... ■ : ■■ II .,,. ■... !.. .,- . .;■.■.,, ., 
1- ,1 Ti.i*. I'l*l-i ill !h.' |.|-I. ;■-. I..T il- .-i;.-. 11 l,.i:..,iil- .n> Li.-I.il mf..Tiii.ii..ii rr-in . 



SEA TERMS, PHRASES, AND WORDS 

HUii-h.uv ..f) 11-nl in Ihu Hi,uh-.h ami 
n.li. tV.:„h.K'^li-i.l I'..]- tlw Uw.ifSc lih 



-hl.'litiiiIIv i,v..r.-.n- mi.li 

riffliiiy, wlik-lj has toac \t 

■ ■■■./,:,. , ,,; : ;. 



*i\-l ffwHiAl^kn 



„ 


CROSS 1' LOCA'iTOOD 


* SON'S 


CAT AH 






ELECTRIC SHIP LIGHTING. 

AHandWk .... Ihc Practical 1 ililng and Kutm 
for the LV ..f Shipowners niul lluildas. Mali. 
Engineer, !,. Charge Hv 1. W. UkTiL'HAKT, 
•Tlyna.no Construction," fie. Will, num.-..., 

doth 


iii S ..f SImti- 
Author of/ 


Elccti 

■Vi'"'i, 

lis. C 


Sea-i i 

■ 

' "■' 76 



MARINE ENGINEERS' POCKET-BOOK. 

Consisting ... useful Table* and Formuuc. Ry Krank P. 
Third Edition. Royal 331110, leather, gdt edge., with stray 

ELEMENTARY ENGINEERING. 

A Manual f.ir Young Marine F.n-inv.:. and Aonicnti, .... 
Question* and Answers ■ ■:■ M ■. 1 ..-. All..'.-.. Stivncih ,.f Mai,.-i 



PRACTICAL NAVIGATION. 

Consisting of The KAit.ot's Spa-Hoik, by Tajiks GbisNWL 

Rr>ssl!H ; !,■■;■ ! '■.■.■,■ ■■: ih r I. ■.■ I'.-.j'.ii.ite M ,1 heir,.:! i. :,l an,! _N ,11111. at Tal,|.-> f 
the Work inn .if ilir J'i- hi -111-. hv HbNkv Law. C.1-... an, I l>ruft-.s..i 1. ' 
Young. Illustrated. , .-in, ., strongly half-bound . 



THE ART AND SCIENCE OF SAH-MAKING. 

By Suit. I. "i. . • I - late in the eciuloyti.i 

Hh. Kamj ui ljpthom*. of Cuwe. u,d Gosport. With Plate 



CHAIN CABLES AND CHAINS. 

Comprising Si«s and Curves of Links, Si ,:,l.. ;v..:.. [',>n f..r Cables and Chains. 
I!,.,.,, t ;.:..,■ ..... 1 l,;..i, II.,.:., U.-iln ■ I ■■ 



: 

I 

bain*. 



|.\»iniii S and W.J, ; Link.. r-irvnciN .1 

■1 Cal.ie.. Marking Cables, Prices of Chain 
■' itutory T 

'1 'NOMAS ». luiLi, f.l'_,K..\„ .u.iii.e I .!■,., Knginccr-lrJurY 
Hoard of Trade, Inspector of Chain Cable and Anchor Proving E 



, Maritime Cables, 1 

. .IS of Parliament. Statutory Tests. 
Chii^e- (01 ] .sli:i:;. I.isl .,1 M .-, r 11: 1'a ,: ( II IV r s ■■! failles, St., Si. HV 



_ General Sup 

ith numerous Tables, llhi-trntion.. and Lithographic Drawings. Follu, 

In, bevelled boards £2 2, 




MINING AND METALLURGY. 
MINING AND METALLURGY 
COLLIERY WORKING AND MANAGEMENT. 

Comprising rfic Hulk- ,-f ,< C-illii iv Mmi-i^r, ihi: i Hi.-i-i.i;l>i .1 
ment of Jjlwur and W,L,y>. ami Our ilirliv.-ni S\>lenis of W 
Scams. By H. F. Rui.max «h1 K. A. S. RimwAVMi. 3 » p[ 

J3 Plait- lliiiI olher 1 1 In-! I, ill.. 1 1-. mdllillll!? I'l'.l. r, -.l.iu i.l Nun ...graph 










',: ' ■ ■ . !■ .: ,■ . ■ 






INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Delttliim and Mia.-iirciiiwir ..p. By lj*-VNK Clowes, ll.Sc, Jjond., 




MACHINERY FOR METALLIFEROUS MINES. 

\ ProClkal TiL'.UL-L' 1'. -I Mi.ii:..-. lv._iin.-.-i-.. Mr-ulluru-1". ,,-ul M.ih.l^l-i - , 

' •, M.E., F.G.? "■ 



y E. Mknkv Daui 



■■■ ,-. :■■ ■ , I: . . .■. ■:! 

!-.:■;.::: ..in. il in.' :■■.:■ i: ■■ ..i rt-nt. tbotadufBy ffll 1* ciiri 

METALLIFEROUS MINERALS AND MINING. 

By D. C. DAVIt*, l'.G.S., Mining Kn S Lii«r, i*u, Auilmr of "ATrealis. 
Slue and Slate IJni.rtvinji-'' i'nili Kiliiion, thoroughly kcvi.nl and n 

K.ilar^.l l,y hi. S„n .']■;. Hi-skv !>.ivi,.s M.K., i'.i;.S. Will, abonl 
Illustrations. Crown Bio, clolh . 



EARTHY AND OTHER MINERALS AND MINING. 



ly .i.',- ; .i'.|.'-'l',ii'.'.^"..i|.!.:"-\ K. 



'OSBY LOCKWOOD * SONS 



BRITISH MINING. 



J 



inin£ Records, Upwards l. SJ „ 

Uirvised. Super .roy.il jvo, clotli £2 2s. 



MINE DRAINAGE. 

A Complete :inJ I'raitiial Treat i-e uli llirci.-1-.Wiiiii: 1'ii'.!-jkt.--::i:i] Siuz 
1'Wpinj! M.,.l:in.iv, "ill. a De-i.-riotion .if a large number if the l.e.1 kn..» ■ 
Kngiiib. their General Utility and ;<,■ -■.■■.■ i.: S|.la.iv , .( l I . - - b r Attit.ii, tk 

■ ... ly >.!.l:l|.:. MlCIIBLL. ova.dotli . 15/0 

THE PROSPECTOR'S HANDBOOK. 



[Jusl Published. . 



NOTES AND FORMULA FOR MININtj STUDENTS. 

By Jolt* Hi«mw MKKivAi.K,M.A.,l.al e l J ™re-or of Miniiij- Ii. il.t llurh: 

College .f -:■: .. N..-.. .,.[!■ -M|...|,.lv::<-. Imi I...IM !,.„. kevl^il a 

Enlarged. I!y H. I. UtLirAK, A. M . I i.-.i.C. K Small c.rmvii Svn, tlotti. 



THE MINER'S HANDBOOK. 

A Handy Book of Kefere 

liVii^^limoi^'I'ly'jut.v Milne, F.R.S., Profi 

rial l.'-'ii.i-iiy .j-f Jaimi.. RovLed Lalilkvi. Feap. Bvo, leather . " 

KET-BOOK for MINERS and METALLURGISTS. 

Coinriri^iun Rule,, Formula, TnlJo,, anil Witts for Use in Field and Ol 
Work. Ily ]'. M.isvkiw IVivmj, K.C.S., M.li. Fo.p- avO, l.ail,,r . J 



| " ut ! 



MINERAL SURVEYOR and VALUER'S UUIDE. 

I .,..!.: : -.' .. ., I'l, .■.:;■.■ ... hiii.... ! M'.'il .. .":.:.. ■• Ini. ,i ill.. \ '..;..... 

. I> ,:~ »J,k K.„ r TaElH. By *M. ■ 



; [.'X^f' 




COAL & IRON INDUSTRIES of the UNITED KINODOM. 

Ccmi^risuij: n [Wriplinn of ill.- Conl I'itltl-i, nral iifilu: J'mirfrwl Senilis of 
si^.-'i:iM'ari."it"! V.--'." ." \ .' "■"■' ■r';'i','.- ",".„■:'. ''"■ '"'l .'.'., "n'r,-' i'l'Vi.Tn- 



hl.'lUirAii.' - 



COAL AND COAL M1NINO. 

By the late Sir Wabim;ti.s W. Smv.ii, M. A., 
of the Mines ,.,f rlio Crown. Severn h K.lisinn, 



p.iii.. ■].., in. ill. i. ..i- : i... i- 

ASBESTOS AND ASBESTIC. 

Miu,-i;,l..i;i.t, Hon. Mem. 
r..ll..L>|K- !'l:ui::, :i:i(! utli.r li 



it Uw. Fy RcilicriT H. Jokks, F.S.A., 

!„[., Ill.-ul": I.nke. Canada. With Ten 
L>ciiiySv.j,,:l,-,lli. I /ml f«Hhlmt. 1 60 



SUBTERRANEOUS SURVEYING 

(Blemenlary and. Pr.ic lira! Treatise on), Willi 

HyTlN.M/Sl Kl-MVI,-..- S,„,„T„„l\l i : 

intcd. lamo, clolh 




THH METALLURGY OF GOLD. 

A h, ■:■ ,: I,-.:,,;-... be Mctrilargkal Tiamwi of r.old-beni-ing Or;*. 

» Including lln- IY..-.-.S1!' .if l'i>rio.-iinri[i. n. ( I1I..1 :ji.i: i. ,n . :„i,l Eviration -v 
1 Villi. Ir. :mc! I In- .\-..:,i-iii,;. M.lri:.-. : : ::.'. K, lini:i s ...I" I ;,..|,1. II v M. El5SIF.il, 
■ Mi -I ■' i '.■ ■■ I. ! .ri n-r'f \-..i-.,.,!ii A, JVt , ofdll 

U.S. Mim. S..n I-,..,,,:-,., I . h E<K| ■■ In,.,...-. With :.l,uu[ MOtth* 
tntlna .i.J numerous Folding "*— 
Bvo, cloth. 

raillin,, f(withol™°tiii'.V.':\l..!-.'| ",!,'.;':., 'i'i 



THE CYANIDE PROCESS OF GOLD EXTRACTION. 

Including its I'la.li, :,! A]iii]i.:Ltio:i mi [lie Witwalcrwuii.l I'.olil Fields in 
Africa, i'.v M. I.i-.-.[.iii. M.K.. Ami,,., , ,f "The Mt-LaJlurgy of Gold," 
Hii'i I j = ■ : u. ■■ ; ■_ l ii ...am ... -..-, ,nd l-.iiiii.'.. Sninl imd 

Imged. 8vo, eloth. |/»sl I'ubiishid. 

3Y OF 511 

■.■'■."-.! X;' .;'. :'„ ': l;,' l |^,, , ..r. , .is'il,''r , i!'uii 

r .if "The MetiuTurgy of Gold," Sc. Third 










H CROSBV LOCKWOOD <S- SONS CA\ 

THE MANAGEMENT OF DYNAMOS, 

A Handy Pook ofTlieory nml Pracri« for the Us 
SludeiiTS, i-LI.' I ■■liliT- in Clmrjii: i if I Ivriamu*. I'.v I 
Wkh iimiii:. ih. Il!u-ir:.u..ii-. Cr.-.wn 8v.>, i;].-.rli 



THE STANDARD ELECTRICAL DICTIONARY. 

pillar Encydopwdm of Words and Terms Used in lire Pra.nice of Kle, [ri 
'-- lly T. O'Ccmnu S1..1AKF, A.M., Ph.D. Second Kdiiii 

[Just'/'ublisiud. 7/e 



I-.,, /,,,., , 



to due. Crown Svn, 







„ if Ships' Electrical Pbnt. 

•:[> iiriizr iIuiM-.r !■'■■■ 11..' s, .^..i,..7 

y J. W. Urqohakt, C.E. With 




- «»r u^m 

THE LONDON BUILDING ACT, 1894. 

With the By-Laws and Reguluionl of llie Tendon County Council, an 

lmr,,.]i,.ri ..:. V.r,-., I ., ,■ . .,-,.1 h,|..\. |iv \, ,,,. 1. |).„n, |>.,\.. I.I.U., , 
the Inner "I .■.„;.!.■, Ba,Ti.t,i-at-i.:,w. („,.„ 3vo, doth. 

THE DESIGN OF BUILDINGS. 

Being Elementary Notes on the PLannine, Sanitation, 

-i SirJ.mr,-., I.a- r ,l ,.„ M.-Jern Practice, lllii 

THE DECORATIVE PART of CIVIL ARCHITECTURE. 

By Sir William Chambers, F.R.S. With Portrait, I Hi.str.il ions, Noles, in 
mi Kiamisath.s .-k l-.w.-m AtaniKLii be, l.v [i.-Ei'.l II.VILT. K.S.A. 
Revised and Ediled by W. H. Leeds. 66 PI ales, ,lo, cloth 

A HANDV BOOK OF VILLA ARCHITECTURE. 

Brine a SeriL-s ,,1' I >L-igi|.. f..r Villa Re-, id Alices in various Styles. H 
i s....ih. ..,[.,,. an. I L-iiniaies. HyC. Wickets, Architect, Aulh 

"The Spires and Ti.wers of lingland," &t. ni Plate*, ft.), half-m,lro.:c<: 
edges . . , . . £1 11.. 

THE ARCHITECT'S GUIDE. 

fleing a Teil-booL of T '-~.-h-.il h.i ,riii'iii..n :'■ ■:■ .Wtniects, Enginec. 

i: :■!■■. i !■ i! ■ ..i u ■■ . .. !:■ I. i i i i ., ;. i: ■ ■■-. \ :,i 

Third Edition. Crown 8vo, cloth .... 

1,.-. T . ■ t- ■ r^M. fr! 'i ",V- 1?,!-*^, ,V m "^T"! ! '•' i ■ ■ .'■'•'■ f ' ! ■ . ■ 

ARCHITECTURAL PERSPECTIVE. 

The whole Course an. I 0;wrn;i..iii:: of the 1 ii rn.icln -.mrm in Drawing ;il.: 
House in Linear Perspective. Ilhistr.-n.-.) W ., I ['..lie,- Plalpi. liy V 
Fkhkuson. Sec.ml lv.lirl.«i, Kiilarged. Svo, boa.- 1 - 

i I-.'.'! 7", \ ^hHujlT^^S" ' 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Yffllilg Sturtent in 
PVKB, .4 Plates, (to, hoard? .... 

MEASURING AND VALUING ARTIFICER'S WORK. 

?S : ;v;''. ; . >■" ."'.:' , : 

:u!d's.l'j. lilies'. 1 ..Ill ..l.le.l hv i' il 

by K. W. Taw, .M.A. ' »*A BAftm 

TECHNICAL OUIDE, MEASURER, and ESTIMATOR. 

For Builders anil Suri-cyors. Containing Technical Direction 
Work in all the Building lr.,.1, -. C ..unlet. ■ Si-.-cilicalions Tor 

ami Drains, and an I'.a^ M.:i'.v..\ ..( l-.,iim:«iiiK ihe parti ol .. _. 

cofloctWy, By A. C. Beatos. SSj&Ai WSUhl I 
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******** nnzra. 

CONSTRUCTIONAL IRON AND STEEL WORK. 

As Applrol id P,il,li<-, Private. :in,l l>,,M,.-.ii, ISniklhsjs. A Practical Treoliw 

f.-.i- Ai.hii,;, K Sutlrt,,., ,n.l IhiiM.is. Hn V. C.WIS. Crown Svo, dnlh. 

b . . . i ./';-' ''«".<,»„./. 36 

e*l*rir.KT ill .li-n.LiMI,^ Hn- .li-- ■■! „.|l |L: P\.| „,. r lon- 

,1r,i*iiiu-. "I'll- i.ri.Li.-ik l-.-.lL in I, !..■ .- -il .[ ..il.i Ilk *1irf £r\t\ih ArdtiUtt. 

SPECIFICATIONS for PRACTICAL ARCHITECTURE. 

A liuilk' to (h, V 1 ' ' :' ." :. Si, :..■.-. I. :iml I'nil.l.r. Willi nil F'.'-..iv 

on ihr Sinnii:- , , ■, ■ M,„i er „ |uiil.liue>. ITpon the Hisi- .il' thv 

Work liy Ai il,,- I . Inn ..iidoy k, vi- ■!. 1.' yliI. I .11 , :ul. 

added to liy IV.i.h.i ■, Id. . |..~, .\,d,!ie, '." Tliiii! l:,lii;,.n. kcvhcl. !!v,,. 
J*** - 15IO 

THE SCIENCE OF BUILD1NO. 

Am Elementary Treatise on tin: Pmi,:i,il,-s,,f Construction. II)- E. W 

Tabs, M.A., Ai, liii... [. !',.'.irih }-L,J 1 1 :. .11. v.n'i ;., Im-..,. in-,. I- ,-.,|.. }m-,.. 

do* 3 6 

THE HOUSE-OWNER'S ESTIMATOR. 

Or. What "ill it Cost to HuilJ. All.T, or Repair? A ['.ice Hook for Uii- 

'l" 'l'i. Si'i'.v"h.!iv',l !'.," I^T.V.'Vi" ,',''" '[ l-'i'l V ' i'. -ii'l', "l-'lii: .n' 
Crown 8to, cloth 36 

OK ON BUILDINO. 

Civil L.n.1 !■:,:, l,-i:.-ii,.,l. indmliin; thn.di K.-it.,i:,,i, : i.iih the The.iry ..( 

id the llnni I'yimni.l. ,*,-. II) siih.uMi m. Hhiht, Hart,, LL.D., 

Seo..n.[ Edit, leap. Svo, doth 4,'fi 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

A Handbook f..,r ll.,i,.d„,l,1.i. ami ll»ii,i. of Houses. By A. J. Waujs. 
Tayij>k. A.M.IiKI.C.K. Willi Illustrations. 

VENTILATION. 

A Tdt-bookto the Practice of the Art nf Ventilating P.mldin C s. ByW, P. 

BoCHAK, R.P. tjtno, cloth 36 

I«hnie»l™iXU' ^"tL'"T!"'s!,'l^. " l ™° CI "™ """' '" mlE ' ""*"" 

PLUMBINO. 

A T-Xl-Wli to the Practice or ihe Art ov Craft of the Pluinher. liy W. P. 
BrjCHAK, R.I'. Seventh Edition, Enl.-Mi;e,1. Clown Svo, cloth . . 3 6 

PRACTICAL GEOMETRY. 

Foi the Architect, Eiiciiievi. anil Median!.'. Civiue Rules for ihe Delii 
•ml Application „!' .ari.un I „..| S „ui. :.l I in.-, 1'lc.urr.. anil CllTV, 

E. W. Tahk, M.A., Architect. Svo, cloth 

■karokiWailtnaimaihfttq 11 iV '".i" ^' ■'■'■■ ■ ™ m n> BfclkclHy.-- S n«W M . 

THE GEOMETRY OF COMPASSES. 

Or, Pnjilem* k. ' , ' 1, ,,.,„■ \i,. ,, n,ii\™ „1 CwAb'- mA vwt »"* «*> 

Pimmm •*] Symbols. I'.v OvwrotTM***- M«A ^JE^ 




THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise i>ti thu I'r-i-iiiir.: an,] Kiiuilil/jrium of Timber Framing, ihe Resists! 

(,.f limlwr, an.J tin: <_ . :.--. ..... t i.- : , ,.!' Huti Ar.!„>. Bridge*." R. -...f-. Unit 
trnn in. I Slnne with Timber, ri.\ To »hi. ! i- n.l I..-.J an K-.-.-.1- on the Nairn-* 
: I'roi.enie. i-f Timl ».!■, Hi:., with I'.-- -',.ii. • :- ■■!" the Lind's ..f Wood used 
in llllildinu; ill'... mi i.«i. T;i!>l,-. ,.f I lie rii::in(Linijs ,,f iinib.:i for .l.irV- T .-.- 
i.ui|>< .: ..:■„■■ ry,- ili. i.'...L-i- ...f M.aviiuk .'.■ . liiTn.niA, r..|-u.,..|.i.. C.h. 
With an A],;- .-: \:,n..u< k. if- ,,( U-v. ami S.onr, Mill- 

11. 11 1.-, I. S.-i-.-inl! l-.iliti. :i. li- ■: .i-.^l-.li k -■-,..-:! an. I . ■ -1-1.1. r :.■ -K" Knlai t »,,| 
K. Wvsiiium T-iks, M.A., Author of "The Science .,f Building"," &.a 
With in J'lates, l'o;H.-iil ..f tin; Anther, ami -cver.il Woodcuts. In On.- !; : -c.f 









:.'.■■:'■ Tfc 



WOODWORKINU MACHINERY. 

It* Rise, Progress, and Construction. Wilb 

Mill-, and the l-i,;.,n.„i,;.;al On version of Ti 
ofKecenl llv-.i: •■■-■ i.:..:i:i.: l-.ii^li-h. I'l-.-n 
M. I'.nv]-. B*l=, A.M. Ins.. CM. , ti ].: 
with large Ailililinn-, latfgei crown Sv». it ■ ]• 



SAW MILLS. 

Their Arrangement .anil Management, and the Kcononiina 
Timber. By M. Pnwis IIali--. A.M.rnil.C.K. Second !■ 
Crown 8vn. cloth, I/ml Pi 

ir.-ina I ill -.l-i-L- L. I -l-i.n EI-. 

am jj,ii„. In!.. Ill . I. -l.nl. -tail !'.■■ .. r. ■ - [■■.- i ■■ n 



THE CARPENTER'S NEW GUIDE. 

Or, Bool i.f l.i...- : f"t r.if]. t -ni.:r,; c.-.m|iii,ins; nlUlii; F,k:ni 



A PRACTICAL TREATISE ON HANDRAILINO. 

Showing Neuan.l Sii.iiiii; M:ali,»l< fui Kiniliiic |V I'inli ..(: ji.- I'lank. Drawinc 
the Mould-. II. ■-■ Mi,-, l-i-ii- .;-:;;, an. I -..paiinc ;h. \V|-,alh. By f.RDBUK 
Cul.UNBS. Second Kc'iitk-,. kni*_-ii ami Kn!aiv.ial, n.i which is added 






CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work . 

fJEOKGE COM.IMLS. Willi iVrjS'™^- *™«^ F-dillol 



CARPENTRY, TIMBER, 



HANDRA1L1NO COMPLETE IN EIGHT LESSONS. 
I J. S. Qoummiw, Head o 
. ;hool. WilL Ki^ln 1'l.iie-, .in 
Practical E> ■— "- 

■ 



TIMBER M 




BER MERCHANT'S 



THE PRACTICAL TIMBER MERCHANT. 



PACKING-CASE TABLES. 



GUIDE TO SUPERFICIAL MEASUREMENT 

Tublia, Lnk-ubi.il fnnn i in j.to in. hm in length by 
For the u« of Architci •=■■ 
- '•■ s,&c. ByJ.iuti. 11. 



?£ 

";.;;; 



6 



., KiijjiiiMr., Timber Mcli-im-i 

WTh Edition. r™ P , cimh. a'6 



THE ELEMENTS OF FORESTRY. 

Designed [o afford Information conccniiiij! tlic I'Limum jml Care of ['on 
Tree.. l'„r 1 1| -:..m,:l ■ ■■■ I 1 - . :i, . » i: \: smjuCitlulK noon lllc CriMli'JII .ill. I I.". 

■ J - >3y f . B. Hough. Large crown Svo, data ... 1 



bv 



TIMBER IMPORTER'S. TIMBER MERCHANT'S 
AND BUILDUP'S STANDARD GLIDE. 
Ily kiciiA-'i. I-:. l.ln.lMiv. <.\.ni|.iii.iiiM; -Ail Annlysis of Dc.il S 
Homeiuuj ['..ii-ijn, will, i.V.iii|,:.r-.i,v Values .,,,,1 Tabular .in.nv. 
living N.( l..'.n,.k.l Uvi .,ii H.ihie mid Norlli American 1 >.ab. in, 
illl.i nit, ....I..- k\|,vii-.-.. Kr. i^ln. Iri.iirali.v. ,•.,-. : i,.;,-i |a T ivitll ....]. i.,u< 



"■j liLi-.V^Mu.:.!,'. " 



:lolh 



jo CROSBY LOCKWOOD 

DECORATIVE ARTS, &c. 




SCHOOL OF PAINTING FOR THE IMITATION 
WOODS AND MARBLES. 

A- Tnugru arid IV„:ii-e,l lv V R. Van iki Ktw; and P. Van HER _„,. 
Dinctonofihe Rati™ ■ ; i nirutfee Rent fatto, tBj fay at a 

Illustrated with 14 Full-sue Ceil.mrcJ Plate, ; also 11 plain Hm.:,. i,-i-,ii 

£1 lit. 61 









ELEMENTARY DECORATION. 

implcr Forms of EvMydoy Art, Together with PRACTIC, 

">•-■"« By Tamil.- IV. Kacev. With numerous 111 

lyhalf-bound .... .6 

HOUSE PAINTING, GRAINING, MARBLING, and SIG 
writing. 



{_"■_>] oujtd Phil. 



:liu.[ Mimua] of. liv Llljj A. Davlumjn. Seventh l-ditii 
"' •Engravings. 1 mm, cloth boards . 



THE DECORATOR'S ASSISTANT. 

■< .. 

Interior and t.«evL...r 1 lecriuiuti,.. Jio. Sixth Edition 



""i 



MARBLE DECORATION 

And the Tcrmimilony u( I'.iil'^h awl Viviy, \\-.,iVic». J. M.,-,<Ili.H.k for 
.*it:,la,t-,. By C.eoi ■ " 
lion," Ac. Witha8 



DECORATIVE ARTS. dw. 



ORNAMENTAL ALPHABETS, ANCIENT* MEDIEVAL. 

From the tighlli Century, with Nujijct.iI. ; including Colhie. Chnrch-Te.u, 
large ami mall, CJenium. luJinn. .Vahe-.mr-, Initial., (..r ll!imiin.iii"" 
M..|)Ocraim, Cro.ses, fie, fi '- •*• ' »-«— ■ — • > »— ' 

:,. Ml-j] PiillH 

'""'New ™ ii "Cheaper "Edition. Royal Bvo, ob 
ornamental hoards . . 2/0 

■ 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Inclnding German, I'll.l EwjliJi, Sru,..n. halt. . l'ei-,i>c, rive, Gleek, Hebrew, 

Cmn Han J, E, :;;-.. .-inc. in.,. ,i«. Kil I. i„„l,;.-. knt-'.i.-. mi.l VriiWuJUL- ; 

wilb several ClriKin;il [It-ijisi-. ..n.l Jin Analy-i-, of the Koman :ui,l OKI Kiijjluli 
Alphabets large ami .mall, iiml Nuiin.nl.. IV.j- the n-.- i,l I Mai^Kr-mcn, 
Smv. ■,■!■■ M. •■■■■-. I 1 ■ ■. I ■'.!,■■!. ? ■■■■■. i .■ 

I ■.craved by F. 

New and Cheaper Edition. RoyrJ 6\ 



AND INITIALS FOR 

'Gold and Colour*. 



A PRIMER OF THE ART OF ILLUMINATION. 

I..;',. I -r ofHesinnerv; with a Rudimentary Treatise on the Art, Practical 
[•i— nor.- t ,r ii J'\. ■!,!-■, ,iu.l Eia.iiid.-.. I.J...U 1 r .in, Illuminated MSS., 
primed In Gold ,.r„l Colours, liv E. 111 i.auoj rf. Nr» mid Clieai*. 
Edition. Smrdl , Id, ornament mtrds Bj'O 



THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Iniliak Imh! l.-u.--, Cyiilici'. "il. ,j; ,ci....i-. Oniiinieiital holder-. 
Ecclesiastical Iiei-i, ...... M ; .,i;.|.i.J jin.l Modern A I uh alien,, and National 

Emblem. Collccied by l\ IJi lam-.,; if, nit.l i 1..-.I in C. Vitus, (li.l .m. 

royal Svo. ornamental wrapper 16 



INSTRUCTIONS IN WOOD-CARVlN(j FOR AMATEURS. 

With Hints on Design. By A Laov. With id Plates Nev. and Cheaper 
K.liri.m. Crown S.-o. in ..mi.ltmatk wrapper 2/0 

PAINTINO POPULARLY EXPLAINED. 

By Thomas J.min Cululk, hninler, and |..nv Turns, K.S.A. Inclndin* 
Fresco, Oil. M..-..o. . Water-i '..L.-.r. w.,on.( ;'.,... T.-mi^u, Emaiii-ii. 
Miniature, Printline. ■■:, leo.v, VlAi.i, I',.iici-v. I.,,:,,,,,-!. C[i„. (t L . ' ' 

Kdilion. Crown bvu. cloth 

V 4*UX«> ■'! .i /'rue ISooy u! Soul!. K«nni* tf mn- 



CROSBY LOCKWOOD &- SON'S CA 
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NATURAL SCIENCE, &c 



E VISIBLE UNIVERSE. 

Cha|«tr> on ihc Ones and Onofta 




STAR OROUPS. 



i ■■■-■■ i ■ ■ ■ ■ ■ ■'■.-..■ 

AN ASTRONOMICAL OLOSSARV. 

.,f''i;.-,'i,;-,l.. ; ,i,i,- I.,:,; 'l'_!lJi-^;iri':^ C.k-!i.!'l' (V j.-, I-.' ily'M." tLi.^Ai/iV .... 

■ \ ■!"■ I ' ■ '- !"■ ■ r ' - ■ ^i l I- ill L-.lv.il -. -i:---L fil Lr. dc Jl=,| 

THE MICROSCOPE. 

IrsConslruutionand Management". Int.lr.dn i Illumine, Phi.to-r 
In- I',., .,■ : I--,,.. : ,■■,:.,■ Mi., .... ,|„, Hy Di.Htpi i-A 

■. w. ■ -i- I-. i: .->■ ■■. i .< : --. j... up. who upwards of 1150 Woo 
imp. tvo.dotl ■ 

■ ', ■■ ... ■■ vl. : 1, . |.,., 1 1 L. : 1- ,|-.I . 

PHOTO-MICROGRAPHY. 

IK- Dr. II. 1 vv lit Luci.'. HxlriiL-tcJ It urn tin- abuvi; Wurk. Koyal Svo, w 

ASTRONOMY. 

Hy [lie hue Rev, Kujiekt Mais, M.A., t'.R.S. 'J'ltirJ Kditiun. kc 
William Tn-Yr.fi-: l.vv:. U.A., r'.K.A.S., furnicily .jf lli.: h'..yal Ob-. 
Greenwich. lamo, cloth ....... 

A MANUAL OF THE MOLLUSCA. 

A Treatise un Recent and Fossil Shells. By S. P, Wooowjum, .' 

F.G.5. With an Appendix mi Kt.ctsr ami I''.i-.ii. Ci 

Discoveries, l..v Ralph Tate, A.1..S.. I-.H.S. With , 

upward;, rjf f ..i \V.i „■.'■. 111.. lituriiiL A I'.jnnli Kditiun (.iSSo). Cr.j.n ... 
cfeih 

THE TWIN RECORDS OF CREATION. 

'i ■,■ 1 1 ■ ii. I'. ■■■■-.■ Harmony and Wonderful C 




Handbook of hydrostatics and pneumatics. 

Hi [i. ] ■.:.... !■ N'.n Ki!iri,,iL. K-. vi.,-,1 „n.l l'.r.l;.i .',:.[ hy IIkkjahih LotwV. 



HANDBOOK OF HEAT. 

Hy Dr. I.akiim.i,-. KJil( l Lan.Lv..--wrL(ti-iitiy Ukmamin Li.kwv, F.R.A.5., &c 

111 III . . e/o 

HANDBOOK OF OPTICS. 

Ity lit. I..VHI-M k. \™ Edition. Kdili-dl.y T. Ol.VKK HlMiniKC, 11. 
Willi ^y£ Ulu-iiMii.-.n-.. Sinull •:■... h-' |.]j.. cliuli , 



ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

Hy I),. Liknm.ii. Kdiicd l.y (Wo. L'akkv hWKK. It. A., F.C.S. 
.... IHmlnuions. Small Bvo,.:Ul, - 




.I,i.-..l lr.-.:'ii„i,[.'- Sft'/Mr.' 

Separate boohs ffrmett From Iht nbovi. 
Common Thine* Explained. 5'- I Steam and 111 Use 

The Microscope. SI. clotfa. I Pnnulir (ilmnnn 

Popular Ul'uIiikv. u.arf.c 
Popular Physic*. at. 6./. . 

NATURAL PHILOSOPHY FOR SCHOOLS. 



THE ELECTRIC TELMiRAPH. 

By Dr. LAKDHts. Revised hy F. B. Bnic.Ht,¥.%.h.S. *i*oA 
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C*OS,V LOCKWOOB * 50.V5 C 



CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 

THE GAS ENGINEER'S POCKET BOOK. 



ATER AND ITS PURIFICATION. 



_ 

ATALOGUB, 

TURES, 
K)K. 

iting to the »■ 

.„li,.ttt, !<;:,. W.,l... i-, 

■ ■. fully llli^Lrjncd, leather. 

[Ju,t PubUikeJ. 10/6 



id in" Water" Sui.i.iv! liv'V. I- . 

j* lllu«roiir..ri!.a.ut TalJcs. I:,,,,,, ;a... , hull. [Jusl Fublishid, 7,6 



i h Enlarged. Croi 
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of N.mii.;rl S 

Ct-lli,l,.i,l. ILy 
limipanv, S,-. 



A HANDBOOK ON I 



. ':,J:"T2" 



■p'Tli-.s, MhiJlS ofStoinge and Tr.msporl. W 
1.1,-j.i- nrkinj: tln-riTri'Hi, I. irilif willi the t« 
uit.n-i, Ai-iH^riMriirniieiii. St:. A I limit fur i 
.ray (.lllk-i.il!., Sicriinship Oivni;r=. Insurance I. 

tut'. 1.'- ■■- '■'■" I 1 '. ^ i ' I ■ -it.-- ;n,d U:ilia ( TH.iU^ Gt» 

,, ¥A.C.,T.C.S. tTQ-Mt!,v«,ns-{\i.,cloih . 





totN 



MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon-Tyne and 
London. 390 pp. of Text. With 232 Illustrations and Working Drawings. 
Second Kdition, with Additions. Super-royal 8vo, cloth . £1 "\ Q 9t 

"This book is written by a manufacturer for manufacturers. The working details of the most 
Pproved forms of apparatus are given, ami these are accom|>anicd by no less than 93a wood 
ngravings, all of which may lie used for the purposes of construction. K very step in the manu- 
ictureis very fully described in this manual, and each improvement explained. —Athenttum. 

" We find not merely a sound and luminous explanation of the chemical principles of the 
fade, but a notice of numerous matters which have a most important bearing on the successful 
onduct of alkali works, but which are generally overlooked by even experienced technoloiric.il 
uthofs."— Chemical Rtvirtv. K 

THE BLOWPIPE in CHEMISTRY, MINERALOQY, and 

GEOLOGY. 

Containing all known Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With 120 lllustrntions. Second Kdition, Knlarged. 
Crown 8vo, cloth 5/Q 

" The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inorganic chemistry and mineralogy than if he had 'got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. —Chemical 
A'rtvs. 

COMMERCIAL HANDBOOK OP CHEMICAL ANALYSIS. 

Or. Practical Instructions for the Determination of the Intrinsic or Commercial 
Value of Suhstances used in Manufactures, in Trades, and in the Arts. By 
A. Normandy. New Edition by H. M. Noah, Ph.D., F.R.S. Crown 8vo, 

cloth 12/6 

" We strongly recommend this book to our readers as a guide, alike indispensable to the 
housewife as to the pharmaceutical practitioner."— Medical Times. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Kdition, Revised and greatly Knlarged. Crown 8vo, cloth . 7/6 

" A complete encyclopaedia of the materia tinctoria. The information given respecting each 
article is full and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, arc given with clearness, and are practical as well as valuable "—Chemist 
ami DrHg)>ist. 

" There is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing it will prove exceedingly useful.'*— Chemical \rtrs 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. Embracing the 
Conclusions of Modern Research which l>ear upon the Practice of Brewing. 
By Herbert Ki>\vari>s Wright, M.A. Second Kdition, Knlarged. Crown 
8vo, 530 pp., cloth. [Just Published. "| 2/6 

** May l>e consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a r/sitm/ of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories ami well-established facts. '--/iren'ers' 
y our na I. 

" We have great pleasure in recommending this handy l>ook, and have no hesitation in saying 
that it sonc of the best— if not the best— which has yet been written on the subject of l>eer-brewing 
in this country; it should have a place on the shelves of every brewer's library." — Brntws 
Guardian, 

" Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense* of having found a 
trustworthy guide and practical counsellor in brewery matters."— Chemical Trade yotirnal. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Kngineers. Bj 
H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to th 
G.E. Rlwy. Third Kditioi., Revised and Knlarged. Crown 8vo, cloth 2/C 
"Ought to have Its place in the laboratory of ever\ w«to&VAX>^c;&^V&\>^cv«x&. -wA^Vw* 
Hid is used on a large scale. "—Ctiemicxl ATctej, 



3 6 CROSBY LOCKWOOn &■ 

THE ARTISTS* MANUAL OF PIGMENTS. 

A<liilt.TiLli,jrls ; l-:ii,..t- in ( . i,il,:i,:.ti,,n villi I: „ h Ol'htr ami' uilti'v 




mnsmtL as* usbwl M ts. 



CEMENTS, PASTES, GLUES AND GUMS. 



.1 Old,.: Vie. Willi upwards 

Mi, niLiiml. Thi.,1 IXditi .... 

(/«! fuMislii,!. JO 



THE ART OF SOAP-MAKING. 
A Pnctical Handbook of Hie M»nnf~-" 

S.ap., ,\V I... hi. III. n iimnv Ni" IV- 
Mlyterino fror ™— 



I'.kverinc fi.nii \Wt.- 1..-1--. liv A 
dwn Undlemak 



PRACTICAL PAPER-MAKINO. 

T»bl«, Cole 

trillions of fri3.iL. (p. in M... lu-rii-iL'.-^i.-ipili:,. 1. j,. ..11 •:,■!'. i i, li n . D/u 

■■ J"h,.' .nll,,r . i, r- l. r il...- ■■ i.r.r ■ ■ -■■;■■■. I.:. ...ill ■ ■ ..■■■■-.■ . .v. ■. I..I -I 

Ms n.jniM[ hill 1.:- !■■ ■■ ■■ M ....■:■■-,. '■,]■■ = 



THE ART OF PAPER-MAKING. 

A Practical ll.iii.ll ', -..I' III.- M. hi .if. i,Hi !■■ i if l'..|.cr fi --.in K.io. h-iinrlo, 

Sti-;iiv, nnJolli.il l'io....i- Ma.i-ii.i!.. In. lulling i !,.■ M.n.Mi;., n.i.'.,||'.,l|, (,.„„ 

Wood Fibre, with a lit- iipli..n ..I' [li.- \la.hiii<:i> and A |, pi iain.es u«ed. To 
■' ' re added Detail- ..f I'i ......--.-. f,.| Ktiuvirin-j Soda from Waste J.iiiu.-ir-. 

\nltwrof "The At! of Soap-Making." With lllus- 



A TREATISE ON PAPER 

ForPrimersandStalii.iier.., Willi a ine of Tap,-. Manufacture; Cunmleic 

Tabid, of Si.i., ;,iiJ S,«., i,„,n. of Hiii,,viM kin, I. of I':,,..-,-. Ilv Kicuami 

I-abkim-.in, l--.li- -..T ill. Man, I-..-.I. i I t -. I .- 1 1- . . I SI I. I i.. i. iv ..... ,l,.ili. 

tf*st Patiiikal. 3/6 

THE ART OF LEATHER MANUFACTURE. 

IkimjaPraaiM-Tl I l.in.ll k. in which the ii|w:,ii,.i,- ,.f Twining, Currying 

and Leather I'l.-iii^ .in- l.ilK l>..-..Til,-..l. and n 1 ... I'lim ink-., of Tannin* 
kvplained. and many H-i.-im l''i-. .-.--- Imio.ln. ,-.i : :,. rd.n \Ieth,.,l, foi (lie 

K.slininlk f Tnnniii, and a I >e-,ri|.iinn ,-f ilie An. of i:ii„- Hoilinc.. lint 

Dressing. S.:. Hy Al.K.iMia Wa , , , Amhur of ■' S..,,].-.M,.I :■ ... -\ . 
Fourth Edit ion. Crown Bvo, i.lolh B/O 
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MODERN HOROLOUY, IN THEORY AND PRACTH 

TrandoMd From Iba hi-_n.li if Cuiain Sauhiiui, u-D 

.■ M....I.. :■ lii' "1 .iiici--. r.R.A.5.. E-BsnacDB W 

[UniLLLi.u.lur.r, rim! ..:i-*.'.--' 'I. > . ' ■■ I'- ^ .1 Ml- i. ' 

■ ■.'. I . ,i-.(. ■, .-, '. ipp i [' Km. Sc 

l.ii-.i.Mi. hu|.. t -j ■ ■ . £2 2 5 . : i il 1 "- 'it - - £2 1 



THE WATCH ADJUSTER'S MANUAL. 

il Guide fi>r 



-;■.:.,.-.■ . I i .'il-! .Vlii.-.li-.i,: fi ■;■ l-.ixiironi.rn, Position, and Temperal 



l.y C. E. 1'KITTS. 37H UP-, "ilTi llliMlriilions., Bvu, cMh 

THE WATCHMAKER'S HANDBOOK, 



d in Watch making . 
French of Clauu 



A HISTORY OF WATCHES & OTHER TIMEKEEPER 

ByjA-IKS K Kkkijal- M.B.H. In.l. Bounis, 1 16 . « ch-l.,«i- . f 

. ■ 

. i. ,.,,-..'!r;„;. '!v.. l ,:'.; , :. l ..v l i'.',."'i-.-. , .. , i." 

ELECTRO.DEPOSITION. 

APraibl] , " I ■ Vi- „f llukl. Silver, O'l'ivv. Ni._... 

\l l:il ■ i A I ■ ■ ■.!,.. V .il..i I. ..II. iu-, Mag 

and Ilyn.-uii. ] M . . ] ]:_nn,ipilEi, and of 111. . lut.-ri.!. 

Proce.-H-i u^' j -..I. 1 1- |i , ImiliiI ■ ■. [he .Vi, i. n. I ^■.■■.ri.i Lhiiprci- 

Elect H"- Ml " i . i. Hi . .-samji'.k Watt, Aulh.jr ,if " Kk-cl 

MellJlurgy,- Sic. Tiiird I-IlI i fi. -r , . R.ii-.d. Crown Svo, dotb . 

ELECTRO-METALLURGY. 



ELECTROPLATING. 

A Practical HanilWk mi ill-: HquB.iin.fL i.f H."". .i"., ..-:-, Silii-r, Nu.ltel, Culrl, 
Aluminium, Urn-, I'Uimnn, .1... ft... liy J. W. Uii.ii'HakT, l\E. Thir.1 
Edition, Rcvi-ed. Crown Bm, cloth fi/O 



ELECTROTYPINU 

■.i.lV[..i,iii.i!i-.i"S|..-l.il'-. fly J. W. Pb.ii/uakt, C.E. Crown 



Th- li..-i I.b. r r. .11 L.n.l Muliiiili..:iii-.»i ■■■!' I'rSiniiij Snvf.M ,■■ iinil \V.,rUof An 

' ■ "UJkqdmabt.C 5, " 
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GOLDSMITH'S HANDBOOK. 

By Gkhigb E. r.t.y., Jeweller, ta. FHHi Be 

;»0m2 Sl """ 
SILVERSMITH'S HANDBOOK. 

By Geowie E. Gee, Jeweller, &.:. Tiiird Edhiun, wiili mime,,,,,, L1],l..i 
liont ismo, cloth 3i 

SHEET METAL WORKER'S INSTRUCTOR. 



Including .i L-iiw. van',:! j- ..f M.™iYtn KediMji. Will 
Mrcul-mnkiiig. 'liy Umiikkt Wti.i.s. Thin! Ivtitiim. 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

I-'...- lintels i;..-i:iliv.,-ll-, ;-..:.! ill.- Tvn.l.i in litm-ral, a.Japtci] fl 

U»e. My K. IVeii ■;. Auilu-i i.f "Tin- llrc.i.l .mil lli-riiii linker." Crown 5vo 



ORNAMENT 



THE MODERN TLOL R CONFECTIONER, WHOLESALE 
& RETAIL. 







"Tllv »...!.'■ 
•oikln i;.-— .\ ,■ ..-.-: 

LAUNDRY MANAGEMENT. 



.1 Hi-niii I laker,- Sc L'r.mu Bvo. Ll.nh 









4 o CROSBY L0CKW00D & SOiTS CAfALOGVE. 

HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASI.UCK. 

••] Miffing Mr,,!,;,,../ ..... 

Hint 11.1-'- ■■■ ..-■ '■'-. -■'...-> ..-m^ji (■.■ -,:if /■;.! !iiC-'..,ir,-i(:...Hfnr WuKKt.t* 

■ ■ \,l i ! I i. !-.- r,i !.'!,- .(■■l'ff,ii' J/uj: (:. ■.!'.'■.. in. J.'n j,1m! |'»M1 Its u/ 

((,, W..n>isii'",«>tJ "K inJrji.f..i :■■ <-.>»:<■> in pi Jin t.:ng*agc Technical Knijw- 

,11... uftharvfii! Ciiah- <" i(f.s.-(il>i»(; Iht pr-ittuts tmftaycd.aml tkt manipu- 

■..,,: :.■ it ;),,,,• 1,-mnj UK nil-.*.- :.■■:■ F*1 ((('/■ ,*. rnf.it « /n.'fv [iplamcd ■ 

,.n.' rir.'.'ru is />«■;.!■ illnttrattd milk inmmgi t/ moilrm luols, appiiamu, and 
THE METAL TURNERS HANDVBOOK. 

. '.^"'f *" .I", ."!':!.„; . | J ,' 1 ' lr n" r iTji 1 '" 

Till: WOOD TURNER'S HANDVBOOK. 

„ """" ,.■"".",,.' , r.. 'i r !.?... rr »idZi l r b _ i '° 

- : .'Vj i/ ;iwk 

THE WATCH JOBBERS HANDYBOOK. 

A rm««3iJ Mini.nl ™ CWimg. Repairing, wU Adjiuung; Wicb npwudl iK 

•■™iSSJ?Sl -,«.;, p«™ ™™. ...» ,b. ..;,„ „,„.. ,.; ,c. 1U i,. „,». 1'S 

THE PATTERN MAKERS HANDVBOOK. 
THE MECHANIC'S WORKSHOP HANDYBOOK. 

THE MODEL ENGINEER'S HANDVBOOK. 

A Pnmi.»i Mj...ji ■.. ilx C mm*.... of Modd Swam fogim 

THE CLOCK JOBBER'S HANDVBOOK. 

. WLih.H 

Till: CABINET MAKERS HANDVBOOK. 

THE WOODWORKER'S HANDVBOOK OF MANUA 
INSTRUCTION. 

Empluynf.n W„.'l'^.ri ..'.,;' W.ih ,n, lllu, 
* ***' "■ ' -"'' """"^ <iy»MH^ • BttcXKU naibti •lih lbenial"i»ilMi™ *il 




COM, 



sOUNTlNG-HOVSIi WORK. TABLES. &■(. 41 

COMMERCE, COUNTING-HOUSE WORK, 
TABLES, &c. 



K.liU.I ill!. I lii-vi- 



( Conhaii K. Bakf 



Edition. Crown Svo, clwli 



A NEW BOOK OF COMMERCIAL FRENCH. 

sniphy— AmhiTiFiit -l,.-n. .■ l\ !■ 1 1", I'i.i.- .1 il,,. I'hv llkili 

S.1,,,,.1]. II. S:,y (l>„i.l < ■: 4:6 



MODERN METROLOflV. 

A Manual of (he Metrical Unit* iuul Sy.ttni. i.f (In- |>i™nl Century. Wi 
an Anuentli\ l.-:i.itiii,^ -i LhL.hju^.nl Kncli^li Symkii. \W L.iivin D, . 

Jackson, A. M. In-... C. >■.., Aiiili.n -.1 "M ,-n-v. , I', .-,, t',. ■..■.- it, . l.m 

crown 8vo, ekilt 

A SERIES OF METRIC TABLES. 

In Willi -il (■!■ Iliill-I. ^ i:\ii, I;';. M.-.i-m..- :m-.l vVlJJiI- .,| ,/ l , .iiiimi' .1 " ilil ll(.' 
"I ih- Mti ■' ">-l; i-i .11 ]iruseiir in IW uti ilit f.niriiii'iu. llyC, II. 1i.-i.im 



METAL TRADES' COMPANION. 



CROSBY LOCKWOOD «■ SON'S CATALOGUE. 



NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 



i 

. i ■ 

cvi- r and /jo per tc _ 

Afij- ntmbv rf etna 



aCliincelh- 







r^thofa Penny to 
inula euro* atin ly. feam i to .!-■■. 
luihcr uf cwls,, ilt-.., and lbs., fr.iiu l i.ifi. in 4;.. ..»i-. Any number of 
:.!-., o,rs., ami Ills., ftnni 1 1" ..--■ ti.n s . V.y IVn.iuii ln.v^ne. 
AL-coiimam, Thin! hililimi, Revised, K™, taroiijdy bound . 1B/0 
,■.,,* .if reference f, ,r im inr.»er ,.r .mi ii,-.iiiL,.-v 
::.■ I I- 1.-.' I ■■-.■■.-.- ■.iu.,Lu.il.!.: 



E WEIGHT CALCULATOR. 

■ I .■■ \ ■ 1 . ;.■■■■: :i :,. i-.,,,. 

Projirewivc Rate.. fV,,in i7. 1.1 16-1. per . "[.. an.1 unirairiiriE if 
1... — -s, which, wiili [heir (.'■jtiiljin.-Ltirais, consistins of a 

ti» lit |xrfihrniL:,| al m:;I,<I. ,.ill alnir,! all . 

lironiote despatch, lly ILlmjv I Iani'1-..i, Accuiiiiianl. f-'ifili Kditiim, 
ConecteiJ. Royal ■'■.■■- -ti-.aniy half-bound 
■ ■ . ■...-.■ ■■■:■:.■■ ..■■■■ . . . .. 
1 I.- : • -. ,,.,, k i, :...,-...-, !,..!. 
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THE DISCOUNT QUIDS. 



■. l.'-,f M- -.hi. mi,, Manufacl 






..■ of lli-c 



.. I'vi ■■■ 






ire.! I'r,,lil ..11 

les or Profit 1 

Advance from liter,-, ,nr ctnt.. Tabic-; ..f IlisvcmiiL from ri to nBi per ceul.. 

and Tables. Hi' l." ini-s.i,.n. K'n., fi £ rn 1- 1 |K'I ih. ill. I'-' lii ■ I 

Accounlanl. New M.lhioii. Corrected. Demy Evti. tijilf-bound . £1 5, 

TABLES OF WAGES. 

At S4, JZ, so and 4B Horn. i,n Week, olmiviin; tin: Amounts, en" Wbb„ frum 

(.HI, . ( u:i!-1.v....f.M-,-h ■': I- Si-.tv-f- .IM I-.im--. ill vacl. r:c-e al Rales, uf Wau,:, 
advancing l.v On,- .-.hillin- f.,.i„ H s. 1,. =ej. |rer week, lly Trios. Cakbuit, 



IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineer-, a r,m Merchants. Containing the 

1 foot by 6 in. by J in. 10 m leer l.y .- feet Ly 1 in. W ,rk,i: ■ >e ■ th« ISa'is of 



SHY LnCKWOOD &■ SON'S CA'i 



UCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 




:!i h..!ili.in. R. 
. Kjya! j! 



hih.1 ■. C. ■,. ii I .',n. ., R. »ru[.nand greatly 'Extei 



. 



■«]* :i '"5 t ™ n 'h' p ri" :l, *S 
ABILITIES. 

I.-.,.:-. IIV R..| !.Fi- 



AND LIABILITIES. 

aota. Bj RitREK. 

. ™ , 12/8 



ADVOWSONS, Ac. 

An.) fin the Renewing ofLua-e-, liMi! mnltr I'arheilral l.-l,ur.:h.-., Col leges, ur 

tulle-- L'ui|!..>r.iiu !.-■■■. I i..-..f--r TtTtns .if Vt.r- . , -j.uin. :n I f.ir Lives ; alwj for 

...I-.!-.'- I ■-.- [:■'■■ ■!' I ■■!■■.... .'.'I.. I 1: L-.I.-.I. ;,.|i1 .ill K.-„.'|!:,;.-.ii 
of 1'le smile Hi l.'M.i j,!!,l ll,!.Ti.„:.'.:.,L|,-i;:.L.-'. |iy W. I .■.'«,„ , b . ;,[), K, ![[!„>. 
\vit!l consiller.'tl.l.? AtHiliiiii-,. :lii.I new :ii,,I ^ . ■. ! I : . -. f ■ ! -.■ 3'ui !.^ .1' I ..,^.-, T ir|iln> f,-r 
ill,- ii. .1,' .liffi, nil C:.iiiiniiL:iii.ins if [|,.; [me i ,i ,f Mum f. His. .iiuli. .\n-imii.-. 
.-!■.. I» M.r;. TinuiAJ, <_rt,»n Svo, doth 8.'0 

I : '■ ■ ' :'i ■ ' ■ ■ : - - ■ - ,= -:-- ■ . . ■ - ■ - - : I - ■ ■ 



THE AGRICULTURAL VALUER'S ASSISTANT. 

A PraclL.-il ili'i, I 1 "" !' \.il,i:ui,in ■,[ l.rm.li'il Ksliileh ; iiitliiilini; Kill.-* 

tan. I hat;! fir M.-.i-iiniu; ..-..: K tiiiiaiinu ih.-O.iii.-i.i- \\, : \i I, :■. ;ih. I Wihi,.-, ..f 
A,'.,: Mill ', ,.'., "■..:,,: lii, ■■■ ,. :u„! tin Viiln.s ■ f I'. i-lln- Sniffs. Mini 
'..-■■'. 
fo.-., a,:. Ily'l.ni It i r. A-ri. nil Mrs! Mil v. y. S. . ..:,.! I-. 




RING. FALOMG. LAttD SUBYE1 
THE LAND VALUER'S BEST ASSISTANT. 

Being Tables «l a ■. . .; the Value 

Estates- With Tables for n-ducine Scotch, Irish, and Provincial CusKmarr 

:. : I-:. :r - i- I \ 
Poyal tjmo, leather, eiJIsric Urn r 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Fomulf, Tables, and Memoranda required in any Cnhii 

rcl.Lli-ic ■ I ■ 

Surveyor. Second K-iiii-n. ktv!-.-.!. k .v:il winu. ouloni;. leatiii-r . 4 O 



HANDBOOK OF HOUSE PROPERTV. 

A Popular ami Practical l.uide to the Purchas . 

C-]ii|.ui«iEV -■■:■ ■ ■ I . ■ . : Iji.JiiiJ ;::■= 1-a.v j,f I lilapi.!: 



Compulso 
Architect 



: will. Ksami.lf! •■rail kinds ol 

ami Sln-e-M., l-.iii. i. '.,"..,. ..I" fin,.- Art. Ily K. I,. TamiLCK 
— ' Surveyor, Kiflli Kilition, Flnl-irgeil. lanui, cl.uh . . S( 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Hanilliltrili of l«,micli'in and Gmui-vI fur I lie V"liri!j ]. ill liali.l. Ilv Idi 
B.MAr.MS, ,-,-l|..,v..|-iV-l-..i;„::,..f.|..M,:,i;.,-. .-:-..„,: >■„. doll. ." 2 

^,i.ii!,'7u"^ l ;j. ,l; --%C.^!;™' l '''' Mi ,l "" ,k """" "" "' |!,i ' ,! ' 1 " 1 - "■'" ■■ lc " , ■' * 

HANDBOOK FOR SOLICITORS AND ENOINEERS 

EnrMEed i" Pr.nur.tinK Private Act. ol fVuli.-un.r.i i„,l provisional Orders I 
of Katlwnys, Tram.vays^ioas^.-uid vVai,-, \v..,u. .-;,.-. 



Hy I,. I.IVH..-I..N,: j 

m. in. i.e. p. an,, dot 



■V'-'h. "sii:, 



PATENTS for INVENTIONS, HOW to PROCURE THEM. 

Compiled for (lie Use .T luvmii,.,-. Patentees and other.. Py G. < 
HiBUINr.NAM, Assoc. Mem. Inst. C. F.., ftc. Deoiv- ?..-,■.. . 

CONCILIATION & ARBITRATION in LABOUR DISPUTES. 

A Historical Ski.t.1. an, I llrief Statement of the Present Position of ll. 
Question :>l lioinc anil ,M,r,,a.i. f!y .1. S. Jk,\n S Aii.Im ol ■■ rent-land' 
Supremacy, »c. CViwn Sv.i, 3.10 pp., clor.1i 2,'( 
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EVERY MAN'S OWN LAWYER. 

A Unruly. I;. nk ..I i|„ ; Piimripl,.-^ r,r Ltiiv and Equity. With a Cgnd 
hi. li,,n:p:v:,l I.euaL Tcjnu. My A ll.Hki.i Ml. I liirry.fil'i 

...1 Lauding Jji-w A,!-.,, I" Parliament uf i.;.;;. Coilrprisi 



I!,.- Il,.-ii,i, i., O'lii/'i-it.tii/init .!■/. l.<„; ; Vi'tunutiy .V./rrW.r icli, iSrfi ; 
rnt Act, i*>? ; Iftirhti and 
.Wtanrti KMilrk SyiU,x) .!.,-. / V7 : /"«>( /./A- I'roicclion Ail, • *« ■ 
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THE PAWNBROKERS', FACTORS', AND MERCHANTS' 
UUIDK TO THK LAW OF LOANS AND PLIiDQES. 

With the StatuIM and ti Digest oCCiuh. I'.y H. C. Fiilkaud, Bm 



LABOUR CONTRACTS. 



SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
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